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GREER PENE HIS issue of the JOURNAL reaches the members just before the holiday season. 
eS T It is thus a suitable messenger to carry to all of you the greetings and best 
wee wishes of your officers. 


SERS We have every reason to feel a sincere pride in the progress and accom- 
plishments of the Institute. It enters its forty-fifth New Year conscious of an outstanding 
CF position as an organization for service, for holding high the ideals of the profession, for 

furthering the advance of engineers and engineering, and for giving guidance and inspiration 

to the embryo engineers in our schools and colleges. 
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A very Merry Christmas and a Happy Mew Wear to all 
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A Profitable Meeting 


ECENTLY your president had the privilege of attending an Institute meeting 

R oR which for interest and profit was unusually successful. It was a joint meeting 

28 of a section and a student branch. The attendance was made up of students, 

SC ECOR faculty members and practising engineers in approximately equal proportion. 

It was no formal address that brought together this interested group but a 
symposium in which students, faculty and practising engineers all took part. 


The students told the meeting how the industrial world looked through their eyes and 
what they hoped awaited them when they stepped out into that world. They were in turn 
told by engineers prominent in their respective fields what some of the rules of the game are 
and how to interpret the sign posts along the road. The faculty members with their great 
responsibility both ways entered into the discussion with enthusiasm and expressed thoughts 
of value to the students and to the practitioners. Incidentally the discussion brought out 
the fact that opportunities are constantly at hand for the engineer to be of unusual service 
to his city and that by accepting these opportunities, which more properly are obligations, 
he is helping to enhance the standing of the profession. 
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The students, who reflected their public speaking training splendidly, laid emphasis on 
their desire and need for more contact with practising engineers, such, for example, as was 
offered by this meeting. The practitioners on their part found inspiration in the contact 
with ambitious and studious youth. The meeting reawakened in them appreciation of the 
fact that they have a very deep interest in the guidance of the men who are preparing to be 
their assistants and later their successors. 
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Some joint meetings attempted in the past and having a technical talk for the program 
failed to draw the students. For them it was but another lecture. With a student-only 
program the practising engineers failed to show interest. The combination student and 
practitioner program was the feature that attracted well over a hundred to this meeting. 


There are other localities where sections and student branches are within easy travel 
distance of each other. Our members in those localities may feel it worth while to give the 
holding of such a joint meeting earnest consideration. 


k4bhahatt— 


wow 


Fd FP 6 Pk PT S| PGT SERIES | 


Digitized by the Internet Archive 
in 2023 


https://archive.org/details/ieee-spectrum_ 1928-12 47 12 


JOURNAL OF THE A. L. E. E. 


DEVOTED TO THE ADVANCEMENT OF THE THEORY AND PRACTISE OF ELECTRICAL ENGINEERING AND THE ALLIED ARTS AND SCIENCES 


The Institute is not responsible for the statements and opinions given in the papers and discussions published herein. 
These are the views of individuals to whom they are credited and are not binding on the membership as a whole. 


Vol. XLVII 


DECEMBER, 1928 


Number 12 


Report of Committee 
on Power Generation 


This committee gave a complete and comprehensive 
résumé last year of the progress made and the trend in 
the art of power generation. Many of the important 
features of that report still describe the present practise 
in the various branches of power station development, 
and for this reason it was thought inadvisable to 
attempt a similar undertaking so soon thereafter. 
Some interesting material however, has already been 
collected and will be included in next year’s report. 

The principal activity of the committee this year 
has been the planning and preparation for the session 
on “Interconnection and its Effect on Power Develop- 
ment,” held at the Winter Convention in New York on 
Tuesday, February 14th, 1928. A most interesting and 
valuable group of papers was presented which, with 
the additional information and ideas given in the pre- 


pared discussion, constitutes a comprehensive sympo-' 


sium on present-day practise and new developments of 
interconnection in various parts of the United States. 
Some of the features included in the papers and dis- 
cussion are,—Effect on Plant Capacity and Size of 
Generating Units; Economics of Operation; Various 
Operating Features; Stability and Reliability; Load 
Dispatching and Load Control; Technique of Inter- 
connection Operation and Physical Facts as to Inter- 
state Power. The papers presented are as follows: 

The Conowingo-Hydroelectric Project of the Phila- 
delphia Electric Company’s System—With Particular 
Reference to Interconnection, W. C. L. Eglin, The Phila- 
delphia Electric Co. This paper was completed and 
presented by Mr. N. E. Funk because of the untimely 
death of Mr. Eglin. 

Progress and Problems from Interconnection in the 
Southeastern States, W. E. Mitchell, Georgia Power Co. 

Some Aspects of Pacific Coast Interconnection, P. M. 
Downing, Pacific Gas and Electric Co. This paper was 
presented by Mr. J. C. Parker, Brooklyn Edison Co. 

Interconnection and Power Development in Chicago 
and the Middlewest, H. B. Gear, Commonwealth Edison 
Co. 

In addition to the above papers, prepared discussions 
were given by the following members; Charles L. Edgar, 
Edison Electric Illuminating Company of Boston; 
A. C. Marshall, The Detroit Edison Co.; James Lyman, 
Sargent & Lundy, Inc.; Farley Osgood, Consulting 
Engineer; E. C. Stone, Duquesne Light Co.; L. W. W. 
Morrow, Electrical World; W. S. Lee, Southern Power 
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Co.; C. F. Hirshfeld, Detroit Edison Co. and F. A. 
Allner, Pennsylvania Water & Power Co. 

This symposium on Interconnection should be the 
means of indicating profitable lines for further study 
of this timely subject. With the extension of trans- 
mission lines, the increasing development of hydro- 
electric projects and the unprecedented capacities of 
power stations together with the ever widening areas 
over which electric energy is being used, the intercon- 
nection and coordination of various power systems is a 
matter that is becoming increasingly important. Many 
problems will arise from the greater complexity and 
magnitude of the interconnections, which should be 
presented and discussed in detail. This will be a fertile 
field to be cultivated by the Institute and particularly 
by the Power Generation Committee. 

The work assigned to the sub-committee on standards 
in connection with ‘‘Measuring the Output of a Genera- 
tor,’ has been completed, approved by the Standards 
Committee and forwarded to the A. S. M. E., for in- 
clusion in its Test Code for Steam Turbines. 

A subcommittee has been assigned to the task of 
reviewing the existing standards on Prime Movers- 
Generator Units, for the purpose of seeing what modifi- 
cations if any, should be made, and also to propose any 
new standards for this equipment. 

The Committee on Power Generation would stress 
the importance of standardization and recommends 
that its members render all possible assistance in pro- 
posing and developing new standards of such subjects 
as properly come within its scope. 

Other activities of the Committee on Power Genera- 
tion have included the assistance given the Meetings 
and Papers Committee in securing and selecting papers 
for the Institute Conventions, and also in reviewing 
papers for the purpose of awarding prizes. 

Wo. S. GorsucH, Chairman, 
Committee on Power Generation. 


Some Leaders 
of the A. I. E. E. 


SAMUEL REBER, retired colonel, U. S. A., Vice-Presi- 
dent of the Institute 1904-1906 and one of its Managers 
for the preceding period 1901-1904, was born in St. Louis, 
Missouri. He was graduated from West Point Military 
Academy in 1886, received an appointment as Second 
Lieutenant of the Fourth Cavalry, was promoted to 
First Lieutenant and, in 1894, was transferred to the 
Signal Corps. It was also in 1894 that he was graduated 
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NOTES AND 


from an electrical engineering course at Johns Hopkins. 


At the outbreak of the Spanish-American War, he was 
commissioned a major in the Volunteer Signal Corps and 
was subsequently promoted to lieutenant-colonel and 
Chief Signal Officer. At the close of the war, he received 
his honorable discharge from the Volunteer Service and 
in July 1900 was commissioned Captain in the Signal 
Corp, promoted to major in 1903, to Lieutenant-Colonel 
in 1913 and to Colonel in 1916. 


In 1905 he completed the course in the Army War 
College, at Washington,—the highest course of study in 
the American Army. While in France during the 
World War, he was graduated from the A. E. F. 
General Staff College at Langres. Upon his return 
from France November 1919, Colonel Reber retired 
from active military service and since that time has 
devoted himself to an active service in civil life, engaging 
with the Radio Corporation of America in 1928, and at 
present its special foreign representative. 

During his career in active Army service, Colonel 
Reber participated in the campaign against hostile 
Indians in Arizona, served through the Porto Rican 
campaign, and subsequently with the Army of Occupa- 
tion in Cuba, where he was in charge of the telegraph 
and telephone systems of the island. He then served as 
Military Secretary to the Commanding General of the 
Army until the abolishment of that grade and the estab- 
lishment of the General Staff, of which he became a 
member of the First Detail of that organization and the 
first Secretary of the Army War College. On the com- 
pletion of his detail with the General Staff he served as 
Chief Signal Officer of anumber of Military Departments 
and the Division of the Philippines, where he transferred 
the cable and telegraph system to the civil government. 
During the World War he served in France as Provost 
Marshal of the Service of Supplies, with the 28th and 
88th Divisions, and as D. C-O-S. of the Second Army. 
He was gassed in action at Haumont. After the armis- 
tice, while in command of the Intermediate Section and 
Base Sections 4 and 6, he effected the transfer of the 
American Army supplies and property to the French 
authorities and repatriated the American forces in 
those sections. 


For a number of years he was in charge of the design 
and development of the electrical apparatus of the 
Signal Corps, superintended the manufacture of the 
submarine cable for the Philippine Islands and was 
instrumental in the formation of the committee which 
prepared the standard specifications for 30 per cent 
rubber insulation adopted by the Institute. Assisted 
by Doctor Carl Kinsley, in 1900 he developed the 
first American system of radiotelegraphy. This 
system was installed and operated under commercial 
conditions both in New York and San Francisco har- 
bors; in the latter place, it replaced the cable between 
Fort Mason and Alcatraz Island. In 1915 he was 
associated with General. J. J. Carty in the development 
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of the successful long distance radio telephone tests. 

He is a licensed balloon pilot and has had extensive 
experience in ballooning and aviation, having, as Chair- 
man of the Contest Committee of the Aero Club of 
America, supervised nearly all the international avia- 
tion meets held in the United States and was in charge 
of the Aviation Section of the Signal Corps of the Army 
in 1913-16, and a member of the National Advisory 
Committee for Aeronautics. 


Colonel Reber was admitted as an Associate of the 
Institute in September 1923; he was elected a Fellow 
in 1912; and has served on the following Institute 
committees: Membership Committee, 1902-4; Advisory 
Committee on Building Fund, 1903-4; Edison Medal 
Committee, 1905 to 1911; Telegraphy and Telephony 
Committee, 1909-10; Meetings and Papers Committee, 
1910-11; Telegraphy and Telephony Committee, 1910- 
11 (Chairman); Additional Grade of Membership 
Committee 1911-12; Code of Ethics Committee, 
1911-12. 


He was secretary of Section B of the International 
Electric Congress in 1893; a member of the Electrical 
Juries in the Chicago and Saint Louis Expositions in 
1893 and 1904; the War Department delegate to the 
International Electrical Congress of 1904, and a dele- 
gate to the following international conferences: Tele- 
graph, at Paris in 1925; Radiotelegraph, at Washington 
1927; Telegraph, at Brussels in 1928, and the Third 
Juridical Congress on T. 8S. F. at Rome, 1928. 

He is an Officier de l’Etoile Noire, a recipient of the 
Fourth Order of the Rising Sun, a Fellow of the Insti- 
tute of Radio Engineers, a member of the Franklin 
Institute and of the National Institute of Social Sciences; 
and the author of a number of technical papers and 
books. 


Factory lighting and ventilation should be super- 
vised by the state through a licensing system. This 
is a recommendation of Dr. George M. Price, director 
of the joint board of sanitary control in the women’s 
garment trades, and was called forth because of poor 
lighting and ventilation in the six thousand garment 
factories in New York. In 1913 a report showed that 
nearly 75 per cent of garment workers had defective 
eyesight, and, in the opinion of Dr. Price, the percentage 
is nearly as high at present. Not more than 5 per cent 
of these factories have sufficient daylight for the work- 
ers. These conditions are inexcusable, for lighting as an 
art has been developed so that any industry at very 
small cost can have abundant light of the right 
quality. 

It would appear that the electrical industry has not 
educated the garment trades. State intervention in a 
common-sense situation where production alone makes 
good lighting economical is a remedy to be applied as a 
last resort.—Electrical World. 
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Hot Cathode Neon Arcs 


BY CLIFTON G. FOUND: 


Non-member 


INTRODUCTION 


Ip a discharge tube containing cold electrodes there 
is a very high-voltage drop at the cathode. Posi- 

tive ions falling through this drop result in the emis- 
sion of a small primary electron current which maintains 
the discharge by ionization by collision. Thus, we see 
that the function of the high cathode drop is the pro- 
duction of this primary electron current. 

When a hot cathode with a thermal electron emission 
sufficient to supply the current through the tube is 
substituted for the cold electrode, there is no longer any 
necessity for the high-voltage drop at the cathode as 
we already have plenty of primary electrons. All that 
is needed is a voltage sufficient to cause ionization of 
the gas. This voltage is never greater than 25 volts. 
Thus, the substitution of a hot cathode reduces the 
cathode drop to a few volts and we avoid all the diffi- 
culties caused by the high cathode fall in a cold cathode 
discharge. In other words, the replacement of the cold 
electrode by a hot electron-emitting one causes the 
discharge to pass from a glow to an are, as defined by 
K. T. Compton.? His definition states: ‘An arc is a 
discharge of electricity between electrodes in a gas or 
vapor which has a negative or practically zero volt- 
ampere characteristic and a voltage drop at the cathode 
of the order of the minimum ionizing or minimum 
exciting potential of the gas or vapor.”’ By an adjust- 
ment of the pressure, the region of cathode glow and 
Faraday dark space can be greatly reduced, so that the 
main portion of the tube is filled with the luminous 
positive column. 


CONSTRUCTION OF HoT CATHODE ARCS 


In the previous paper, Doctor Hull has described the 
construction of a cathode capable of supplying very 
large currents. This type of cathode has been used in 
the construction of the neon tubes to be described in 
the remainder of the paper. A further description of 
this cathode seems unnecessary. The radiation type of 
cathode has a decided advantage over a filamentary 
cathode in the fact that large areas can be obtained 
without using excessive heating currents, as in the case 
of heavy filaments, and also without having a large 
voltage drop between the terminals as in the case of a 
long filament. In the latter case, if the voltage across 


1. Research Lab., General Electric Co., Schenectady, N. Y. 

2. Cooper-Hewitt Electric Co., Hoboken, N. J. 

3. K. T. Compton, A. I. E. E. Trans., Vol. XLVI, 1927, 
p. 868. 

Presented at the Joint Meeting of the New York Sections of the 
A. I. E. E. and the I. E. 8., May 18, 1928. Complete copies upon 
request. 
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the filament is much greater than the ionization voltage 
of the gas used, an arc is formed across the leads and 
the filament is burned out. 

The construction of a hot cathode neon tube is shown 
in Fig. 1. It consists of an elongated tube on one end 
of which is a cathode of the type mentioned, which is 
capable of giving an electron current of about 3.5 
amperes when the heater is taking 60 watts. At the 
opposite end is an iron electrode which serves as anode. 
The pressure of neon in the tube is about 2 mm. of 
mercury. At this pressure, practically all of the tube 
is filled with positive column. 


ELECTRICAL CHARACTERISTICS OF DISCHARGE 


Before mentioning the characteristics of the tube as a 
unit we should like to discuss some characteristics of 
the discharge within the tube. Using the exploring 
electrode method, measurements of the potential distri- 
bution in a hot cathode neon tube show a cathode drop 
of about 25 volts, followed by a uniform gradient 
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throughout the tube. The drop at the anode varies 
from a few volts positive to a few volts negative, but 
is never very different from zero. 


POTENTIAL GRADIENT AS A FUNCTION OF PRESSURE, 
CURRENT, AND TUBE DIAMETER 
1. Pressure. Measurements of the potential gra- 
dient as a function of the pressure show a flat minimum 
at from 2 to 5 mm. pressure as shown in Table I. 


TABLE I 
Discharge current = 2.0 amperes 
Pressure Gradient 
0.2 mm. 1.95 volts/em. 
0.6 1.90 
1 & 12 
Dee 18s 
Sell 1.65 
4,25 1.61 
4.9 1.80 


2. Duscharge Current. The voltage-current rela- 
tion in the main portion of the discharge is shown in 
Table II. The voltage gradient decreases as the cur- 
rent increases, giving a negative “resistance’”’ to the 
discharge. 
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TABLE II 
Pressure = 0.2 mm. mereury 
Current Gradient 
amps. volts per em. 

#8 all 
1.0 2.0 
2. 1.95 
3.8 1.87 
6.8 es 


3. Tube Diameter. Table III shows the relation 
between tube diameter and potential gradient. 


TABLE III 
Tube diameter.........| 1.29 cm. 1.95 cm. 2.55 cm. 
Gradient..............|/3.36 volts/em.| 2.15 volts/cm. | 1.75 volts/em. 
ProduChercs. sce auth eieeee 4.20 2 Sls 4.45 


This result is in accord with the theory of Shottky,! 
who, from theoretical considerations on the rates of 
diffusion of ions and electrons to the walls, has deduced 
that the voltage gradient should vary inversely as the 
tube diameter. Results of Claude® on tubes filled with 
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neon at a pressure of 2 mm. are also in agreement 
with Shottky’s equation. 


OPERATING CHARACTERISTICS 


The over-all voltage-current relation for a tube 
125 cm. long and 2.2 cm. in diameter is shown in Fig. 2. 
On account of the negative “‘resistance’”’ characteristic 
of the tube, the latter is inherently unstable and 
requires a resistance in series for stable operation. 
The value of this resistance must be greater than the 


4, Shottky, Phys. Zeit., XXV, 342, 635 (1924). 
5. Claude, Comptes Rendus, p. 479, 158 (1914). 
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resistance corresponding to the slope of the volt-ampere 
curve or the tube will not operate. It will be noted 
that for low currents, much greater series resistance is 
required, and also the change in slope is greater at low 
current values. Therefore, for most stable operation, 
it is desirable to operate at a current where the change 
in slope is least, as at this point a larger proportion of 
the available voltage can be utilized in the tube. Also, 
an inductance in series with the arc eliminates transients 
and permits steadier operation. 


STARTING OF TUBES 
On a tube in which the distance from the walls to 
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Fig. 3 


the cathode is small compared to that between elec- 
trodes, the walls of the tube become negatively charged 
and it is necessary to remove this charge before a dis- 
charge will pass. This is true in the present tubes and 
there are three methods by which the tubes may be 
started. 

1. A high-frequency discharge may be brought close 
to the tube. 

2. An auxiliary anode may be placed sufficiently 
close to the cathode for a discharge to take place to it. 
This produces ionization in the tube, which neutralizes 
the charge on the walls and by connecting the auxiliary 
and main anodes together through a suitable resistance 
the discharge can be transferred to the main anode. 

3. By suddenly stopping the current in an induc- 
tance in series with the discharge, a high inductive kick 
which causes enough ionization in the gas to allow 
current to pass is produced in the main circuit. This 
type of starting device is used in the Cooper-Hewitt 
mercury vapor lamps and is the method employed 
for the tubes described below. 


TYPES OF TUBES 
1. D-c. Tubes. The circuit for a d-c. tube with 
stabilizing resistance and series inductance is shown 
in Fig. 8. Here the heater wire is so chosen that 
it requires the same current as the discharge. After 
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the cathode is heated by means of the auxiliary cir- 
cuit, the latter is opened and the discharge, which has 
been started by an inductive kick as described in the 
third method of starting, passes through the heater, 
which now takes the place of part of the stabilizing resis- 
tance. This is a decided improvement over a Geissler 
discharge form of tube, since the latter can be operated 
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Fig. 4 


on a d-c. source of voltage only by using a special high- 
voltage generator. A hot cathode tube of this type, 
2.2 cm. in diameter and 75 cm. long, may be operated 
from a 125-volt d-c. line. 

When both a-c. and d-c. voltages are available, the 


A.C.LINE 


heater unit may be operated from the a-c. supply, 
while the arc itself may be run on direct current. The 
d-c. circuit for this tube, including the circuit for the 
method of starting by the inductive kick, is shown in 
Fig.4. When the voltage is applied, the tube is shunted 
by a mercury switch and a resistance which limits the 
current in this circuit to about one ampere. As soon 
as this current energizes the inductance the magnetic 
field from the coil tips the switch, breaking the auxiliary 
circuit very quickly (in less than 1/5000 of a second). 
This gives an inductive kick of about 2000 volts across 
the tubes. 


Dea wAnC, An a-c. tube is made with an 


Tubes. 
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anode in each of two short arms at the opposite end 
of the tube to the cathode. This tube, with its electrical 
connections, is shown in Fig. 5. The cathode is con- 
nected to the midpoint of an auto-transformer through a 
reactance. Each terminal of the transformer is con- 
nected to an anode through a small resistance. This 
arrangement permits a uni-direction current to pass 
through the tube. The reactance causes a lag in the 
current so that the two half waves overlap. This 


| A.C. LINE 


Fig. 6 


reduces the current to an almost constant value and 
there is no visible flicker in the lamp. 

Another type of a-c. tube with connections is shown 
in Fig. 6. A hot electrode is placed at either end of 
the tube and operates as cathode on one-half cycle and 
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anode on the other. A large reactance in series with 
the tube is necessary to eliminate flicker. 


LUMINOUS CHARACTERISTICS 


Photometric measurements of a neon lamp show that 
as a first approximation the luminosity varies as the 
24 power of the current, but owing to the negative 
volt-ampere characteristic, the light emitted is practi- 
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cally proportional to the watts at higher currents, as 
shown in Fig. 7. These measurements apply to the 
positive column only. Measurements of entire tubes 
show an over-all efficiency of 12 to 15 lumens per watt 
for d-c. tubes and 10 to 12 lumens per watt for a-c., 
which is about the same as the 100-watt size Mazda C 
lamp. 

A 220-volt tube, which is 2.2 cm. in diameter and 
125 cm. long, operating at three amperes, has a lumi- 
nous output of about 10,000 lumens. 


LIFE 


Tubes have been operated on life tests and many 
have run over 3500 hr. At the end of this period there 
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was practically no discoloration of the walls and no 
measurable change in the volt-ampere characteristics 
of the tube. Also, from the general appearance of the 
electrodes, it does not appear too optimistic to predict 
a life of 5000 hr. or more. 

A feature of the tube is that its operation is in- 
dependent of the surrounding temperature. Tubes 
have been successfully operated, without attention, 
exposed to all kinds of weather—rain, sleet, snow,—and 
at temperatures as low as — 20 deg. cent. 


USES OF NEON LAMPS 


Display and Advertising. The color of the light 
emitted by neon makes it attractive for display and 
advertising purposes. D. McFarlane Moore did a great 
deal of pioneer work in the use of gaseous discharges 
in nitrogen and carbon dioxide for sign work. These 
were of the cold cathode type. The hot cathode neon 
discharge is especially adaptable for display where 
high intrinsic brilliancy is required. 

White Light and Photography. A neon lamp used in 
combination with a Cooper-Hewitt mercury lamp 
supplies the red which is missing in the latter, and by 
adjusting the mixture of the two, a good approximation 
to white light can be obtained. This can be observed 
in Fig. 8, which shows a spectrum of mercury at the top, 
neon in the middle, and one of skylight at the bottom. 
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The mercury-neon combination is particularly 
adapted to panchromatic photography. To obtain the 
correct reproduction with daylight and panchromatic 
films, it is necessary to use an amber filter, as the films 
are more sensitive in the blue than the red. By adjust- 
ing the mixture of neon with Cooper-Hewitt mercury 
lights, the illumination may be made to correct for the 
sensitivity of the film and a filter is no longer necessary. 


Foc PENETRATION 


In heavy or foggy weather, transportation, especially 
boats and aircraft, is at a great disadvantage. Mea- 
surements made by Mr. Frank Benford® show that the 
absorption of the longer wavelengths in thick weather 
is less than that of the shorter ones. Also, general 
experience indicates that red can be more easily dis- 
cerned than other colors. This is due not only to the 
fact that it has less absorption but also to its contrast 
with surroundings. Ina fog, a great deal of the shorter 
wavelengths are scattered, giving rise to the glare with 
which every motorist is familiar. Similarly, when one 
is looking for a light, this scattered light forms a sort 
of illuminated blanket, which diminishes the contrast 
between the light source and its surroundings. Whena 
red light is used, the scattered light is minimum, thus 
making it easier to observe the source. 

Since the hot-cathode neon lamp is one of relatively 
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high intrinsic brilliancy, it is especially adapted for this 
purpose as its maximum energy occurs at about 6300 
A°. We are indebted to Mr. Benford for the spectro- 
photometric analysis given in Fig. 9. 

As a test on the advantages of the hot-cathode neon 
tube in weather of low visibility, a light of this type was 
mounted on a pier in the Hudson River. Observations 
from boats during a fog have shown that it was possible 
to pick up the red neon light before any of the other 
lights in the same vicinity were observed. These 
results indicate that this type of tube will be of great 
assistance as a marker for docks and ferry slips in the 
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harbors and if placed on a ship, it would also afford 
protection against collision with other vessels. 

The same properties make it desirable in aviation. 
Its possible uses in this field include outlining a landing 
field, marking obstructions and indicating a run-way. 
Highly concentrated tubes have been constructed for 
use in beacons and searchlights where a high-intensity 
beam is required. 
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In general, we believe that the hot cathode neon are 
is the most efficient high-intensity source of red light 
we have at present. 

In conclusion, the authors wish to acknowledge 
indebtedness to their co-workers for the great assistance 
which they have rendered, and especially to Doctor 
Saul Dushman, whoseinterest and suggestions have been 
of material help in the development of these tubes. 


Abridgment of . 


A Study of High-Voltage Flashover 


BY JOSEPH T. LUSIGNAN, Jr. 


Associate 


Synopsis.—A brief discussion is given of the various forms of 
electrical discharges as they are characterized by the physicists. 

Oscillographic records secured of voltages and currents, both 
before and during the flashovers, are reproduced and discussed. 
Polarity tests, in which the electrode shape and spacing were found 
to determine the sign of the half-cycle at which flashovers would start, 
are described. 

Photographic results obtained with moving films are illustrated, 
showing the various stages of a flashover from the formation of the 
corona discharges through the initial sparkover to the development 


INTRODUCTION 


ee object of the study here described was to secure 
a better understanding of the development of a 

high-voltage a-c. flashover, particularly with a 
view to investigating the successive stages of discharge 
involved, and the various factors contributing to their 
existence,—from the initial localized breakdown of air 
or corona to the final stage of a fully developed power 
are. The entire experimental work was carried out in 
the Harris J. Ryan High-Voltage Laboratory at Stan- 
ford University. 


OSCILLOGRAPHIC STUDY OF FLASHOVERS 


Voltage and Current Waves. Fig. 1 shows the 
voltage wave of the initial part of a 20-ft. flashover, 
the formation point of the are being on the half 
cycle where the sharp drop in voltage occurs. Each 
half cycle after that is seen to start with a brief 
rise in voltage which breaks down the gap again and 
allows the arc to re-form, whereupon the voltage drops 
for the remainder of the half cycle. If the potential 
applied to the electrodes is allowed to decrease after 
the arc forms, then the latter may break of its own 
accord. Fig. 2 shows the corresponding voltage wave 
of the final stage of such an arc. ‘The record represents 
two revolutions of the film and starts at a on the 


1. General Electric Company, Pittsfield, Mass., formerly 
Fellow in Electrical Engineering, Stanford University. 

Presented at the Regional Meeting of the Southern District of the 
A. I. EB. E., Atlanta, Ga., Oct. 29-31, 1928. Complete copies 
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of the half-cycle arc channels. The flashovers studied ranged from 
several feet to 22 ft. in length. 

Spectrographic analyses of the different stages of a flashover 
are described, wherein it is possible to gain some knowledge of several 
factors contributing to the conductivities of the various stages. Several 
of the spectra obtained are illustrated and a comparison spectrum 
of lightning 1s given. 

With the knowledge gained from the laboratory studies the 
probable history of a high-voltage a-c. flashover 1s summarized. 
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irregular wave of the arc itself. Here again it is ap- 
parent how each half cycle starts with a brief rise in 
voltage which each time breaks down the gap, but as 
the record progresses, and the current decreases due 
to the applied voltage being allowed to fall, the voltage 


Fig. 1—Voutrace Wave at Srart or 60-Cycite FLASHOVER 


Arrow indicates point of breakdown 


has an increasingly harder task to maintain the half 
cycle discharges so that the initial half-cycle voltage 
needles continue to increase in magnitude. Finally 
at the point b the voltage is no longer able to re-form the 
are for that half cycle and the regular open-circuit 
voltage wave starts, which continues around on the film _ 
a second time and drops to zero at c when the circuit 
breaker opens. 
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One of the corona current records obtained is shown 
in Fig. 8. The current wave is seen to be decidedly 
unsymmetrical with respect to the halves of each 
cycle, indicating the rectifying effect that is always 
associated with a point in corona. On the pos‘tive 
current crests a series of discharge needles may be 


detected whereas on each of the negative crests usually 


Fig. 2—Vouitace Wave at Enp or 60-CycLe FLASHOVE? 


Arc broke due to lowering of applied voltage 


but one appears. Current waves taken as the voltage 
across the 20-ft. gap is slowly increased from pre- 
corona values show that the positive current needles 
appear soon after corona starts and occur regularly 
on the positive half cycles. The negative half cycles 
of current increase in magnitude as the voltage rises, 
but the brief discharge needles do not appear until 
almost to the point of flashover, when they usually 
occur but once on a crest. Later this feature will be 
seen to check well with photographic observations 
taken on moving films. 

Determination of Flashover Polarities. As an added 
step in the study of flashover characteristics, tests 
were made to investigate the polarities at which dif- 


Fic. 3—Corona Current Prior To FLASHOVER 


A. Corona current wave prior to flashover of 20-ft. point-gap 
B. Corresponding voltage wave 


ferent gaps would arc over to ground at 60 cycles, and 
in that way, ascertain whether this phase of a flashover 
took place in any orderly manner. With direct current, 
the point-to-plane set-up has always been found to arc- 
over at a lower potential when the point was positive 
than when it was negative, except at small spacings of 
the order of a fraction of an inch? and therefore this 
arrangement was tried first to see whether the same 
was true for alternating voltages. About 50 flashovers 
were taken with spacings ranging from 5 to 10 ft., and 
oscillographic records of the current in each case were 
secured in the ground end of the high-voltage winding. 


2. See bibliography for references. 
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In every instance the flashover started on the half 
cycle when the point was positive. 

A similar test was made on 50-cm. spheres with the 
bottom sphere grounded. With the spheres spaced 
50 em. apart, approximately 50 flashovers were taken, 
and found to start with the ungrounded sphere negative, 
which was just opposite from the results with the point- 
to-plane set-up. The sphere-gap was next opened up 
to a maximum spacing of 69 cm., and the arc-overs 
were found to start on both halves of the waves, that 
is, the spheres flashed over from the upper sphere on 
either the positive or negative crests. 

From the above results it seemed that initial local 
breakdowns due to concentrated field intensities would 
cause a flashover to start positively from the un- 
grounded electrode, while, on the other hand, with a 
more or less uniform field, such as a sphere-gap at close 


Fig. 4—Vourace Wave Just Prior to FLAsHovER oF 18-Fr. 
Pornt-Gap 


Arrow indicates brief drop in voltage at wave crest due to transient 
sparkover, one cycle before start of flashover 


spacing, the arc to ground would form on the negative 
crest of the wave. 

Sixty-cycle polarity tests were also made on shielded 
and non-shielded suspension insulator strings of 10 
and 14 units, respectively, where it was found that 
practically all flashovers to ground started on the 
conductor positive crests. Occasionally one would 
take place on a negative crest, but the average was never 
more than about one out of every 25 discharges. 
These results would seem to fit in well with d-c. and im- 
pulse insulator flashover tests made by Peek?* in 
which he found the ares to form on lower positive 
potentials than negative. 


PHOTOGRAPHIC STUDIES OF FLASHOVERS 
For the purpose of securing possible photographic 
analyses of flashovers, a special camera with a revolving 
film holder was made. By driving the cylinder at 
different speeds, it was possible to draw out the dis- 
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charge figures on the films as much as desired; and by 
the use of shutters actuated by relays, the films could 
be exposed to any phase of a flashover. 

Figs. 5 and 6 show some of the moving film records 
obtained in this manner. In each of the figures it is 
apparent how the path of the first breakdown, shown 
by the brief but heavy discharge at the start of the 
first half cycle, practically determines the path of the 
succeeding half cycles. 

The manner in which the streaks of light are drawn 
out on the film after the last half cycle of are proved 
of interest. They can be accounted for, undoubtedly, 
in the following manner: The arc itself is probably 
not more than a fraction of a millimeter in thickness, 
but at the points where it is folded or bent, there are 
several millimeters or more of arc length in the line of 
vision. Therefore, at these folded points there will be 
much stronger light intensities which will have greater 
effects on the photographic film. The ionized gas re- 
mains partly incandescent even between half cycles 
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Fig. 5—Rerropuction or Movine-Fitm PHoToGRAPH OF 
10-F'r. HorizontaL FLASHOVER OF 11 Hautr Cycites DuRATION 
Between Pointer ELECTRODES 


when the current is passing through zero, which densi- 
meter measurements verified; but it is only the more 
intense folds of the arc that appear to persist on the film 
between half cycle bands. Accordingly, after the last 
half cycle, it is these same folds that streak out as if by 
themselves. Undoubtedly the whole path across the 
gap remains incandescent, but only those parts that are 
bent to appreciable length in the line of vision seem to 
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show up on the film, those of the greatest depth lasting 
longest. In some of the films obtained, these folds 
persisted as long as three cycles after the arc-overs had 
ceased, indicating that the gas in the gap remained 
incandescent that long. 

In the first work with the 10-ft. horizontal point-gap, 
with both sides insulated, it was noticed that the brush 
discharges from each point prior to arc-over were only 


Fic. 6—NineE-Foor VeErtTIcCAL FLASHOVER FROM POINT TO 


Foor 
Moving-film photograph of flashover of 11 half cycles duration 


perceptible at the positive half cycles on the moving 
films. But when the gap was next opened up to 22 ft., 
discharges appeared on every half cycle just before 
arc-over. On the films, the alternate half cycles of 
brush discharge were found to be strikingly similar, 
while the succeeding half cycles were different, indi- 
cating that the positive and negative discharges each 
had their own decided characteristics. As the point 
discharge first begins to appear on the moving film with 
the rising voltage, there can be seen on the negative half 
cycles either no visible signs of discharge or one heavy 
stalk or jab with a corona head at the end of it, 
indicating a small voltage drop along its path, so 
that the field terminates chiefly at its end, and 
produces a brush head effect there. As the voltage 
approaches arc-over, these intense white negative 
jabs increase in length and brilliancy and may occur 
more than once on an occasional half cycle. The 
positive discharges, however, seem to be more pro- 
longed over their corresponding voltage crests, branch- 
ing out continually and to greater lengths than the 
negative discharges, but with less luminous intensity 
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than the latter. They come in earlier, also, and consis- 
tently appear at each alternate half cycle. The fact 
that no long intense negative streamers appeared at the 
10-ft. spacing, both electrodes insulated, apparently 
indicated that they required much higher voltage 
gradients. 

In the work on space charge carried out at Stanford 
two years ago,° it was found that at the start of corona, 
the region between two conductors was built up to a 
slight negative potential above ground due to the 
corona rectification. The sign of the charge soon 
reversed with increase in voltage, and near the flashover 
voltage, the space had been charged to an appreciable 
positive potential above ground. Since it is at this 
point that the long intense streamers appear from the 
negative electrode, it would seem that they merely 
serve to dart out at intervals to drain different portions 
of the field of the heavy positive space charges there. 

By means of a stroboscope, it was possible to check 
visually the electrode discharge figures obtained on the 
moving films. 


The physical appearances of the point brush dis- 
charges found above seem to display features which fit 
in rather well with the oscillographic records of corona 
current obtained. On these current waves, (one of 
which is shown in Fig. 3), the many needle jabs on each 
positive half cycle probably serve to supply the tree- 
like channels continually branching out when the 
electrode is positive. On the negative current crests, 
the smooth part of the wave is probably indicative of 
the current supply to the short negative glow, while the 
single sharp peak with it, Gf it occurs) would be as- 
sociated with the ordinary single heavy streamer 
that is seen on the negative half cycleon the moving film. 

In photographs of laboratory flashovers of insulator 
strings, condenser-like discharges sometimes are visible 
along paths other than that over which the actual 
flashover finally develops. These are undoubtedly 
initial discharge breakdowns to ground at a time when 
the voltage are too low to provide sufficient energy 
(1/2 C E) to render the path conducting enough for the 
are to follow. Fig. 4 shows the oscillogram of a voltage 
wave several cycles before flashover of a 20-ft. point- 
gap, where a brief drop in voltage at one crest can be 
seen, which probably occurred simultaneously with 
some such temporary pre-flashover condenser discharge. 


SPECTROGRAPHIC ANALYSIS OF FLASHOVERS 


Next, in an attempt to identify some of the factors 
contributing to its various conductivities spectrograms 
were taken of the different stages of a flashover. By 
arranging a shutter that would open for only the start 
of a flashover, it was possible to secure the spectrum 
of the initial intense discharge which was found to 
bridge the gap at the beginning of the first half cycle 
of arc-over on each of the moving film photographs, 
(Figs. 5 and 6). Fig. 7a shows one of the spectra, 
obtained in this manner, of a 10-ft. discharge from a 
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point to a plane. This was identified as the spark 
spectrum of air and is practically identical with that 
of lightning, as can be seen from a comparison with a 


lightning spectrum as obtained by Fox,® which appears 


in Fig. 7b. In every laboratory flashover so analyzed 
the initial discharge was found to give the spark spec- 
trum of air. 

In these spectrograms of the initial spark it was 
noticed that arc lines of metal vapor appeared at the 
electrodes. In the discharge of Fig. 7a, where an 
aluminum electrode was used, typical aluminum arc 
lines are visible at the upper end. In order to ascertain 
how soon metal vapor appeared in a flashover, a moving 
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(a) (b) 
Fic. 7—ComPpariIson oF LABORATORY SPARKOVER AND 
LIGHTNING SPECTRA 


(a) Spectrum of initial spark bridging i0-ft. point-to-plane gap, which 
started first half cycle of complete 60-cycle flashover 
(b) Spectrum of lightning stroke. (KFox-Yerkes Observ.) 


film spectrogram of about one inch of the discharge at 
the electrode point was obtained, making use of a slit. 
This was carried out for aluminum, copper, and iron 
electrodes. In every case the presence of metal vapor 
was detected in the initial spark discharge starting the 
first half-cycle of are-over, the aluminum showing up 
most intensely. Since iron vaporizes at 2450 deg. cent., 
it would seem‘that temperatures sufficient for ther- 
mionic emission at the electrode are probably reached 
at the very first spark breakdown of the gap. Factors 
other than heat, however, may possible come in to 
facilitate vaporization during the first air spark, since 
the initial high-voltage gradient at the electrode may 
provide sufficient bombardment by positive ions, or 
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strong enough electromechanical forces, to remove 
metal particles from the electrodes which, in turn, 
would be vaporized. Nevertheless, it is interesting to 
find metal vapor present within the first one thousandth 
of a second of flashover. 

It was not possible to secure a recognizable spectrum 
of the arc itself in the center of the gap after the first 
sparkover. In some short spectrographic exposures 
made of the 10-ft. flashovers, it was apparent from the 
metal arc lines visible that metal vapors extended out 
from the electrodes an appreciable distance within 
the first two cycles of flashover, at least 8 or 10 in. 
in the case of iron, and about 6 in. with aluminum. 


THE PROBABLE HISTORY OF A HIGH-VOLTAGE A-C. 
FLASHOVER 

Factors Involved. Undoubtedly ionization by col- 
lision, as originally suggested by Townsend and later 
amended by others,’ plays an important role through 
out an entire high-voltage a-c. flashover. At the start, 
it is the essential factor in breaking down the air 
column between electrodes. Later, thermionic emis- 
sion and metal vapors enter to enhance the conductivity 
of the channel, the former giving its pure electron supply 
from the electrodes, while the other provides a much 
more easily ionized medium for conduction. 

Process of Breakdown. When the potential across a 
gap or over an insulator string becomes sufficiently great 
due either to the alternating voltage being increased 
or an impulse wave superimposed, two corona streamers 
from opposite electrodes will meet and bridge the gap. 
(No experimental evidence has yet served to explain 
the exact details of this contact.) The condenser 
capacity of the electrodes and its attached parts will 
then discharge across, giving an intense initial spark. 
If, due to a too low applied voltage, the stored electro- 
static energy (1/2 C EH?) is not great enough to provide 
a sufficiently heavy discharge for starting adequate 
thermionic emission or metallic vaporization at the 
electrodes, the gap breakdown will cease, and the volt- 
age wave will return to normal, similarly to the one shown 
in Fig. 4. On the other hand, should the initial dis- 
charge be ample to create sufficient thermionic emission 
and metal vaporization at the electrodes, (and possibly 
a certain amount of sufficiently ionized and excited 
gaseous bodies in the gap), then the conductivity of 
the channel will be increased enough to allow the dis- 
charge to be maintained though the voltage wave 
continues to drop through the remainder of the half 
cycle, as seen in Fig. 1. On the next half cycle the 
discharge has to form again, but due to many of the 
particles in the gap being either already ionized or in 
an unstable state, it requires only a small voltage rise 
before the gap is again broken down, whereupon the 
voltage wave falls once more. As the arc-over current 
increases, which it surely must unless the effective 
applied voltage is dropped appreciably, less and less 
voltage is required to break down the gap each half 
eycle. Probably ionization by collision occurs at the 
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beginning of every half cycle, although in a fully de- 
veloped power arc, with copious thermionic emission 
and metal vaporization in existence, it would require 
but a small initial voltage for it to start the discharge 
each time. Thermal agitation and slight photo- 
electric effects probably enter to assist in the ionization 
process by ‘‘exciting’’ neutral bodies, but it is highly 
questionable whether they, in themselves, do any actual 
ionizing. 
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A HYDROGEN-COOLED GENERATOR 


A brief note describing the operation of what is 
probably the first commercial electrical machine to be 
cooled with hydrogen instead of air, has been received 
from W. J. Foster, Chairman of the Committee on 
Electrical Machinery. 

The New England Power Co. installed early this 
past summer an out-door, hydrogen filled, synchronous 
condenser made by the General Electric Co. The 
hydrogen is circulated by the fan action of the rotor 
through specially designed water coolers placed in the 
two ends of the machine. The water circulation is 
common with that provided for the transformers. 

This synchronous condenser, rated 10,000 kv-a. at 
13,800 volts when operated in air, has been carrying a 
load of 12,500 kv-a. at approximately 14,000 volts 
every day since June 26th when it was put on the line. 
The temperature of the stator windings, which is 
determined by embedded detectors in the armature 
slots installed in accordance with the STANDARDS of the 
A. I. E. E., and recorded by a temperature recording 
instrument, has been quite uniformly 65 deg. cent. all 
summer. 

The condenser is in the Pawtucket outdoor station 
with oil switches and transformers and is said to be 
fully as quiet and well-behaved as its neighbors. The 
quantity of hydrogen required to keep the purity up to 
that specified has averaged 7.5 cubic feet per day. 
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Impulse Flashover of Insulators 


BY Jy JE TORCK. 
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Synopsis.—For the most part, this paper is a discussion of the 
mechanism of insulator flashover. The breakdown of air between 
electrodes, with particular consideration of the effect of various 
factors upon the flashover characteristics of insulator strings 
equipped with arcing rings, is discussed. It is shown that critical 
dimensions and spacings of arcing rings exist for a given insulator 
string. If the arcing rings are designed to lie on the safe side of 
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this critical point, cascading flashovers wiil not occur: if the arcing 
ring dimensions are below the critical values, cascading may or may 
not occur, depending upon the nature of the applied voltage wave. 
Data from tests, which determined the limiting physical dimensions 
of arcing rings will prevent. cascading under all types of 1m- 
pressed voltages, are presented. 
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INTRODUCTION 


OMMONLY, transient voltages on transmission 

lines are attributed to three sources—switching, 

induction from cloud fields, and direct lightning 
strokes. The most troublesome surges are of the last 
two classes.' These surge potentials often exceed the 
insulation value of the line, and a flashover follows. 
The surge flashover forms an ionized path which is 
highly conductive, and a short circuit on the energized 
transmission line results. The subsequent interruption 
may last for only a few seconds, but, if the power 
short-circuit current shatters an insulator, the line may 
be out of service for several hours, an occurrence which 
it is extremely desirable to avoid. Because the power 
current will naturally follow the path established 
by the surge, a thorough study of the nature of surge 
flashover is involved directly in the problem of pre- 
venting insulators shattering. 


WAVE SHAPES AND SPECIFICATIONS— 
PRELIMINARY TESTS 


One of the first effects noticed was that the nature of 
the flashover of a string of insulators changed quite 
perceptibly with different types of applied voltage 
waves. When the active portion was at the crest of a 
wave, or even on the front of a slowly rising wave, the 
arc sometimes cleared all, or nearly all of, theinsulators. 
But when breakdown occurred on the front of a steep 
wave, the arc formed between the metal parts of the 
insulators, cascading the string. Even with many 
forms of arcing rings and horns, cascading resulted 
when steep waves were applied. In designing arcing 
rings for an insulator string, the first consideration is to 
insure that all arcs will take place between the rings. 
At the same time, it is desirable to maintain or increase 
the flashover voltage of the string by improving the 
gradient along the string. However, the flashover 
voltage between rings under all conditions must be less 
than that of the string with improved gradient. From 
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the above, obviously the most difficult condition to 
satisfy is the prevention of cascading with rapidly 
rising voltages; and this really includes all others. 

We now can summarize the factors involved in a 
study of the surge flashover of insulators, as follows: 
the characteristics of the applied voltage; the break- 
down of air at atmospheric pressure; the electrostatic 
field or voltage stress distribution, and hence, the 
nature of the electrodes. 


BREAKDOWN OF INSULATORS 


The flashover of a string of insulators is not so simple 
a process as the breakdown of air between electrodes. 


C0 Cycle Crest Flashoyer 


VOLTAGE 


TIME 
3—TypicaL BREAKDOWN CURVE OF AN ArR-GapP 
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A knowledge of the electrostatic field and of the stress 
distribution along the string is necessary. Calculations 
based upon the potential theory advanced by Ollendorf* 
have been made and checked in the laboratory. Ollen- 
dorf replaces the insulator string by two spheres of 
suitable diameter, one representing the line insulator 
and the other the ground insulator. He neglects the 
effect of the intermediate insulators upon the field 
by considering that their charges are bound. Thus, the 
effect of any charge is nearly neutralized by an equai 
and opposite charge displaced no more than the length 
of an insulator. Below breakdown values, voltage 
distribution curves calculated with these assumptions 
check closely with experimental curves. Fig. 4 shows 
the distribution on a plain string of seven suspension 
insulators raised to breakdown potential. Most of the 
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stress is across the two units adjacent to the line. The 
seventh or line unit is stressed well above its breakdown 
value. However, there is a current between the porce- 
lain sections of the string tending to equalize the stresses 
across the units. This is a conduction current through 
the air, and the maximum possible current density 
without thermal ionization is low. Since time is 
required to transfer the charge, the average rate of 
voltage rise determines the equalization effect of this 
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Fic. 4—Vo.tace DisrrisutTion (a) AND VOLTAGE PER UNIT 
(b) ON A STRING OF SEVEN INSULATORS 
current. Therefore, with a rapidly applied voltage, 


one insulator will reach its breakdown value before the 
other units of the string. Streamers will start to form 
around this highly stressed unit. When it is shunted 
by streamers, its potential will be thrown across the 
remaining units, causing a new voltage distribution. 
The process continues at an increasing rate until the 
breakdown is completed. A time lag or breakdown 
curve similar to that of an air-gap exists for the flashover 
of an insulator string. / 


ARCING RINGS 

We may consider now a typical insulator string 
equipped with arcing rings. Data on a seven unit 
string equipped with 19-in. diameter rings of 14-in. 
diameter material are available. The rings were 
located 3.8 in. from either end of the 39-in. string. 
Surges with a rate of rise greater than a certain critical 
value invariably cascaded the string. Surges with 
lower rates of rise struck between the rings. The 
comparative breakdown curves may be constructed as 
in Fig. 5. Since the rings have a lower 60-cycle break- 
down value, the active portion of a given wave is 
reached at a lower voltage for the rings than for the 
insulators. The curves must cross at a point corre- 
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sponding to the critical rate of rise. It will be noticed 
that for slowly rising waves, the active portion for the 
insulators may not be reached. 

The following physical explanation may be made: 
For slow rates of voltage rise, the streamers forming 
from the rings span the entire gap before the active 
portion for the insulators has been reached; for 
moderate rates of voltage rise, the potential on the 
insulators reaches the active or streamer forming 
portion of the wave, but not until the ring streamers 
have almost completely spanned the gap; for rapidly 
rising voltages, the ring streamer development is 
sufficiently slow to permit the insulator potential to 
rise above breakdown value; hence, the insulator 
streamers develop into a cascading breakdown. 

Laboratory experiments indicate that the streamers 
upon formation are fairly high in resistivity, and prob- 
ably only a part of the charge is transferred to their tips. 
For this reason, the streamers of opposing electrodes 
will have less effect upon each other than might be 
expected. However, as the streamer progresses, the 
insulator-streamer component increases due to the 
relatively higher potential of the insulators at this 
point. This effect is increased further under steep 
surges by the unbalanced rise of potential on the insu- 
lators. A slight bending of the streamer toward the 
insulators produces an increase in the streamer insu- 
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lator component which forces the streamer to develop 
still further in toward the insulators. Thus, a slight 
bending or branching of the streamers in the early 
stages of flashover will result in a cascading, or partial 
cascading, flashover. This point is particularly im- 
portant for long strings, such as 220-kv. transmission 
line insulation. 

We may determine now the effect of various physical 
arrangements of the arcing rings upon their flashover 
characteristics. It is obvious that a homogeneous field 
between the rings is desired to speed up the streamer 
formation. The nearer the surface of the ring ap- 
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proaches that of a sphere, the more uniform the field 
will be. Therefore, the ring must be made of material of 
relatively large diameter. To prevent the streamers 
from being drawn into the string, a ring of comparatively 
large radius must be used. To aid in obtaining these 
results, the spacing or distance between the rings can be 
reduced, and this is usually necessary. However, due 
to the improvement in voltage distribution along the 


Fic. 10—Surcr FLasHover or AN INSULATOR STRING WITH 
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string resulting from the grading effect, a flashover 
voltage comparable to that of the plain string can be 
maintained. Obviously, the grading effect is lessened 
by an increase in ring radius, and the most desirable 
arrangement for a particular application will be a 
compromise. 


ARCING HORNS 


The arcing horn has characteristics similar to the 
needle-gap. The stress distribution between opposing 
horns is very poor, since the section surrounding the 
horn tips has a relatively high gradient. Through a 
field of this nature, the streamers will develop slowly, 
and the potential across individual units will have time 
to build up and cause cascading. To overcome this 
sluggishness of operation, the distance between the 
tips must be reduced considerably. This adjustment 
is doubly effective; the point at which breakdown 
begins or streamers start to form is lowered, and the 
breakdown distanceisreduced. Decreasing thespacing, 
however, has the serious disadvantage that the insula- 
tion of the line is lowered. When an are exists, it 
must terminate at the horn tips, and is quite likely to 
be blown into the insulators. 

The characteristics of the arcing ring are inherently 
much better. The stress distribution is uniform, per- 
mitting the streamers to grow rapidly. Consequently, 
spacings which do not lower the line insulation can be 
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maintained. When an arc occurs between rings, it can 
travel around the rings. Hence, there is little chance 
of the are being blown into the insulator string. 


TESTS 


Test data on various arcing ring arrangements have 
been accumulated. Standard suspension insulator 
units 10 in. in diameter with 55%-in. spacing were used 
in the tests. Rings of 14-in. diameter copper were first 
used to facilitate variation of the ring diameter and 
ring-to-ring spacing. The average rate of rise of the 
active portion of the generated wave was 7000 kv. per 
microsecond. This is somewhat steeper than lightning 
produces on transmission lines, as indicated by available 
data. However, extensive measurements of voltage 
or wave form were not made. 

At first, the rings were set at a definite spacing; thatis, 
a definite percentage of the string length. Then the 
radius of the rings was increased until cascading ceased 
entirely with repeated voltage application. Thus, the . 
minimum ring radius for a given spacing was obtained. 
Similarly, the maximum spacing for a given ring radius 
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was determined. In Fig. 11, where critical ring spacings 
and ring radii are plotted in terms of the string length, 
is shown, graphically, the results of such a test for a 
seven-unit string. The curve divides the cascading and 
non-cascading regions. Thus, in order to keep the ring 
spacing or flashover distance above 90 per cent of the 
length of the plain string, for this particular case, the 
ring radius must be 40 per cent of the length of the string 
Where the ring radius is limited by tower clearances, 
the curve gives at once the maximum ring spacing. 
Similar tests were made with ring material of 114-in. 
and 2-in. diameter. The results for the seven-unit 
string are shown in Fig. 12. For close spacing, the 
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larger diameter material is of no advantage. At 
greater separations, the larger diameter material per- 
mits the use of rings of smaller radius. 


CONCLUSIONS 


1. The breakdown of air is a progressive process 
requiring a finite period of time for the streamers 
developing from one or both electrodes to span the 
distance between electrodes. The time required is a 
function of the average gradient of the field. 

2. The flashover of a string of insulators is a similar 
though more complicated process. 

3. The nature of the flashover depends upon the 
rate of rise of the applied voltage. Cascading of the 
units of an insulator string is more likely to occur the 
faster the rate of voltage rise. 

4. Cascading flashovers occur on the application of 
rapidly rising voltages because of the limited values of 
the leakage and conduction currents which tend to 
equalize the stress distribution of the units of the 
insulator string. 

5. The path formed by the surge flashover furnishes 
a low resistance path for the power follow current. 

6. Arcing rings will prevent cascading flashovers 
provided the time lag characteristic curve for break- 
down between the rings is below the corresponding 
curve for flashover of the insulator string. This con- 
dition may be satisfied by conforming to definite 
physical relations between the ring-to-ring spacing, the 
radius of the rings, and the diameter of the ring mate- 
rial, as functions of the length of the insulator string to 
be protected. Furthermore, the radius of the arcing 
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rings must be great enough to prevent the streamers 
from being drawn into the insulator string after they 
have started to form at the active sections of the arcing 
rings. 
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7. Arcing horns are unsuitable because of their high 
time lag characteristic, the decrease in flashover voltage 
necessary, and the likelihood of the are being blown into 
the insulator string. 


Fie. 13—Arcine Rines DesiGNeD For A 16-Unitr INSULATOR 


STRING 
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by J. Slepian, Electrical 


Good lighting, according to Clifford C. Paterson, 
president of the International Illumination Congress, 
is something akin to the perfect human character— 
“that which permeates all around it with charm and 
helpfulness, but effaces its own individuality.’”’ Mr. 
Paterson urges international accord and the comparison 
of experiences in lighting in order to make faster and 
more orderly progress.—N. E. L. A. Bulletin. 
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Synopsis.—The authors describe recent activities of the Bell 
System in the development of long distance multiplex telephone 
systems using carrier current methods. A new, so-called type C 
system which supplants earlier types of equipment is described 
in detail, together with suitable repeaters and pilot channel apparatus 
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for insuring the stability of operation: the line problems are con- 
sidered and typical installations pictured. The growth of the appli- 
cation of carrier telephone systems and their increasingly important 
part in providing long distance telephone service on open-wire 
lines are shown. 


INTRODUCTION 


1 an ordinary telephone circuit, the electrical 
equipment is not called upon to transmit frequencies 

above about 3000 cycles per second. By the use, 
however, of higher frequency currents, which serve a 
“carriers,’’ several additional messages may be trans- 
mitted simultaneously on the same pair of wires. In 
these carrier current systems the voice-frequency 
currents of each message are caused to “modulate” a 
high-frequency current. The resultant modulated cur- 
rent contains a band of frequencies which is displaced 
from the original voice-frequency band by the amount 
of the carrier frequency. At the receiving terminal 
in a multi-channel system, the various incoming bands 
of high-frequency currents are separated by electrical 
filters. Then, by “demodulation,” the original voice- 
frequency currents are reproduced and reach the 
proper listener. 

At the Midwinter Convention of the Institute, 1921, 
Messrs. Colpitts and Blackwell presented a paper 
entitled Carrier Current Telephony and Telegraphy.' 
This paper included a brief historical summary—as 
well as a theoretical discussion, of the methods involved 
—and detailed descriptions of carrier-current apparatus 
which had at that time found employment in the 
telephone plant. The thermionic tube and the wave 
filter formed the basis of these pioneer commercial 
systems. 

The Colpitts-Blackwell paper described two kinds of 
carrier telephone systems then in operation,—a four- 
channel “‘carrier suppressed” system, (type A) and a 
three-channel “carrier transmitted’? system (type B). 
While these earlier systems were effective in bringing 
about economies by avoiding the stringing of additional 
wire on many pole lines, there remained many oppor- 
tunities for improvement in performance and simplifi- 
cation of equipment. The result has been the develop- 
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ment of a new (type C) system, which is technically a 
material improvement over its predecessors and which 
is also less expensive. 


THE TYPE C SYSTEM 


The new system is essentially a long haul multi- 
channel system. It adds three high-grade telephone 
circuits to the facilities normally afforded by a single 
pair of wires and can be used over the longest circuits 
likely to be encountered in the Bell System. For the 
longer distances, repeaters are required spaced at 
intervals of from 150 to 300 mi. An important 
feature of the longer installations is the so-called pilot 
channel by which stability of transmission over the 
three carrier channels is assured despite relatively large 
variations in high-frequency line transmission due to 
weather changes. 


The type C system is a “carrier suppressed’’ single 
sideband system. In this respect, it is similar to the 
older type A system. In the matter of the frequency 
allocation of the channel bands, the type C system 
possesses one of the features of the older type B system, 
the use of different carrier frequencies for transmission 
in opposite directions. Experience with the older 
systems has led to the conclusion that this two-fre- 
quency method of operation is to be preferred in the 
telephone plant. 


A COMPLETE SYSTEM 


The simplified layout of acomplete system is shown on 
Fig. 1 (Fig.2ofthecompletepaper). Itwillbenoted that 
it includes apparatus at a terminal, a line circuit, a 
repeater station, a second line circuit and apparatus at 
a second terminal. Obviously, the number of line sec- 
tions may be extended by the use of a greater number 
of repeaters. 

At each end there are the terminations of the three 
carrier channels, 1, 2, and 3 and the regular voice circuit, 
4. These terminations ordinarily appear at the long 
distance switchboard. When a subscriber is connected 
to one of the terminations,—for example No. 1,—speech 
currents pass through the three-winding “hybrid”’ 
coil, thence into the modulator circuit, where they are 
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caused to modulate a high-frequency carrier current. 
The resultant modulated bands? of frequencies pass 
through a filter allowing only the desired band of 
frequencies to pass to the transmitting amplifier. 
Thence, this band passes through a so-called directional 
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set, whereby the regular voice range currents are 
separated from the higher frequency carrier current at 
both terminal and repeater offices. 

The other two carrier channels function similarly, 
and the several modulation bands of carrier frequencies 
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filter and a high-pass filter to the line circuit. The high- 
pass filter last referred to, in association with its com- 
plimentary low-pass filter, forms a so-called “line filter’ 


2. Loe. cit. or R. V. L. Hartley. ‘Relation of Carrier and 
Side Bands in Radio Transmission,” Bell System Tech. Jl., Vol. 
2, April 1923, p. 90-112. 


29—Scurpmatic DIAGRAM OF TyrE C TERMINAL CIRCUIT 


join the first channel in passing through the common 
amplifier and directional filter circuit to the line. Ata 
repeater point, the group of bands comprising the 
three channels in a given direction passes through the 
high-pass line filter circuit; thence through a directional 
filter and amplifier circuit and outward through a 
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similar directional and line filter circuit to the next line 
section. At the farther terminal, the several carrier 
currents pass through the directional filter and are 
again amplified in the receiving amplifier. At the 
output of the amplifier the different carrier channel 
bands of frequencies are selected, one from another by 
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the band filters, thence they pass to their respective 
demodulator circuits, are demodulated to their original 
form and finally pass from the output connection of 
the hybrid coil to their terminations. 

Fig. 2 (Fig. 3 of the complete paper) shows dia- 
grammatically in somewhat greater detail the terminal 
circuits of the type C system. The modulator circuit 
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consists of a two-tube push-pull grid-bias circuit in 
which the carrier frequency is balanced out. A 
separate oscillating tube circuit of exceptional frequency 
stability supplies the carrier current. The frequency — 
allocation requires the transmission of the upper or 
lower sideband frequencies only and at the output the 
band filter selects the desired band, rejecting the other 
products of modulation. The common amplifier is a 
two-stage vacuum tube unit having four tubes in the 
output circuit arranged in parallel push-pull connection 
to insure the required load carrying capacity. The 
demodulator circuit is also a push-pull grid-bias vacuum 
tube circuit in which the voice-frequencies are derived 
by the modulation of the sideband currents with a 
carrier frequency supplied by the local oscillator, ad- 
justed accurately to synchronize with the frequency of 
the corresponding transmitting modulator at the 
farther terminal. It is obvious, of course, that if the 
carrier frequencies of the modulator and the corre- 
sponding demodulator of the same channel are not in 
sufficiently close agreement, there will be a serious dis- 
tortion of the speech currents received over the channel. 
No difficulty is experienced in keeping these two oscilla- 
tors within a frequency difference of from 10 to 20 
cycles. This has been found quite adequate. 


LINE CONSIDERATIONS 
Because of skin effect in the wires and rising losses 
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5—GENERAL SCHEMATIC OF CARRIER REPEATER Crrcuir with ASSOCIATED LINE HQuIPMENT 


in the insulators, the attenuation of the open-wire 
circuits on which carrier systems are applied increases 
steadily with frequency. Unfortunately, the losses 
of the insulators are not constant and they increase 
greatly with the presence of moisture. This brings 
about an increase in attenuation in rainy weather 
and requires the use of pilot channel apparatus in order 


Dee. 1928 


to insure the necessary stability of transmission, as 
later described. Fig. 3 (Fig. 10 of complete paper) 
gives representative attenuation frequency curves for 
the more commonly employed gages of wire. 

If care is not observed the carrier currents on the 
line may be interfered with by cross-talk from other 
carrier systems or by miscellaneous currents which 
enter the circuit by induction from the outside. The 
latter may manifest themselves as noise at the carrier 
terminals. By the exclusive use of a metallic circuit, 
adequate design of apparatus and care in the layout of 
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the systems, it is possible to insure that the carrier 
currents have the required margin over the noise 
currents. 

In the matter of cross-talk between systems closely 
adjacent on the same line, the situation is alleviated by 
providing two frequency allocations, (see Fig. 5 
of the complete paper). These are “‘staggered” with 
respect to one another, so that a system installed 
on one pair using so-called N frequency allocation has 
less cross-talk to and from a system installed and 
operating on an adjacent pair and using the so-called 
S frequency allocation than would be the case if both 
systems employed the same allocation. 


REPEATERS 


Repeaters must be employed when the distance 
exceeds that for which the terminal transmitting ap- 
paratus is effective in maintaining the transmission 
level well above the line noise. Repeater station 
spacings vary from 150 to 300 mi. depending on cir- 
cumstances. A schematic diagram of a _ repeater 
station is shown on Fig. 5 (Fig. 6 of the complete paper). 
An amplifier similar to that employed at the terminals 
amplifies the several channel currents simultaneously. 
The use of directional filters whereby the channel 
frequency bands of the opposite directions are kept 
apart in their respective amplifier circuits makes 
possible the use of the substantial amplification or 
“gain’’ needed to offset the relatively high line attenua- 
tion. Equalizers as shown provide the non-uniform 
frequency-amplification characteristic required to offset 
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the rising frequency-loss characteristic of the line 
circuits. 
PILOT CHANNEL 

As previously noted, the attenuation of open-wire 
line circuits of substantial length is markedly affected 
by weather conditions. Thus it becomes necessary 
to make occasional gain adjustments throughout the 
system. The extent of these adjustments is determined 
by means of the pilot channel which provides a visual 
indication of the transmission levels at repeater points 
and terminals without interfering with the speech 
currents over the channels themselves. It is in effect 
a separate constant-frequency carrier channel allocated 
between certain speech channels in each transmission 
group. 

The operation of the pilot channel is relatively simple. 
At each repeater point and receiving terminal there 
appears a meter for registering the level of the pilot 
current at the output of the amplifier. The pointer 
of the meter isexpected, normally, torest ata point which 
represents the normal level layout of the system. Ifa 
change in the attenuation of the line circuit causes a 
departure in the transmission level, the meter reading 
shows a corresponding up or down indication, and by 
adjustments of the repeater or terminal amplifier 
potentiometers, the level may be returned to normal. 
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An alarm circuit also is provided at the receiving ter- 
minal, so that when the level has departed by more than 
a predetermined amount from the desired normal, the 
operating attendant is called in to make an adjustment. 

Fig. 6 (Fig. 8 of the complete paper) shows schemati- 
cally the principal features of the pilot channel terminal 
circuit as a whole. An oscillator at each transmitting 
terminal providing the pilot current is connected 
to the carrier circuit at the input to the transmitting 
amplifier (see Fig. 1). The pilot channel indicator 
circuits are bridged across the outputs of the amplifiers 
at receiving terminals and repeater points. The 
circuit is tuned to discriminate very sharply against 
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all but the pilot current frequency. The alarm circuit 
includes a delay circuit which protects against possible 
slight transient interference into the pilot channel from 
currents in the other channels of the system and 
thereby insures that the alarm indicates only a definite 
level change. 


EQUIPMENT PROBLEMS AND TYPICAL INSTALLATIONS 


Like the development of toll cables, the increasing 
use of carrier telephony as a substitute for line con- 
struction in providing toll facilities on long circuits 
has resulted in further increasing the proportion of the 
plant investment represented by the equipment within 
the offices. The type C equipment is mounted on 
panels employing a uniform dimensional system in a 
manner similar to the other recent telephone develop- 
ments. This has had advantages not only in giving the 
desired uniformity in design but in permitting grouping 
arrangements which have aided in effecting adequate 
electrical separation between apparatus units as well 
as between the wiring. 


CONCLUSION 


The carrier systems are meeting successfully and 
economically the requirements of long distance tele- 
phone service. From what has been written, however, 


it is evident that the apparatus is by its nature complex 
and to a fair degree expensive so that for relatively short 
distances it is cheaper to string wire. 
operating for distances of 150 mi. and upwards. The 
availability of the improved type C system within the 
last few years has greatly stimulated the application 
of carrier telephony in the Bell System. Fig. 10 (Fig. 1 
of the complete paper) shows the growth of the systems 
since their first commercial application in 1918. How 
these systems are distributed over the lines of the 
Bell System is shown on Fig. 44 of the complete 
paper. The heavier density of use occurs in the middle 
and western sections of the country and in general 
where the circuit demand and growth have not yet 
reached the large figures required to justify the in- 
stallation of toll cables. 

While considerable progress has been made in the 
development and application of these carrier systems 
since the beginning of their use about 10 years ago, 
there is obviously still much to be done in the matter 
of simplification and further use of the high-frequency 
spectrum. While the systems now in use in the field 
employ frequencies no higher than approximately 
30,000 cycles, frequencies considerably higher than 
this can undoubtedly be economically employed. 
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Application of Wound Type Current 
Transformers Installed in High-Voltage Oil 


Circuit Breaker Tanks 
BY J. C. REA! 


Associate, A. I. E. E. 


Synopsis.—Wound type current transformers installed in the 
tanks of high-voltage oil circuit breakers have been in operation for 
many years. The experience gained during this period has resulted 
in fairly clear definitions as to the types of installations to which they 
are best suited, and to designs of transformers which are highly 


N the early stages of the electric power industry 
| the oil circuit breaker made its appearance as a 
solution of the problem of interrupting circuits under 
load and it was not surprising that efforts were soon 
made to develop automatic mechanisms which would 
cause the circuit breaker to open itself on over-current. 
Some of the earliest forms of devices for performing this 
duty took the form of solenoid coils connected in series 
with the circuit controlled by the circuit breaker. 


1. Chief Engineer, Pacific Electric Mfg. Co., San Francisco, 
Calif. 

Presented at the Northeastern District No. 1 Meeting of the 
A. I. EH. E., New Haven, Conn., May 9-12, 1928. Complete 
copies upon request. 
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reliable. The purpose of this paper is to present a brief history of 
some of the developments leading up to the present application of 
wound type current transformers in circuit breakers and to indicate 


some of the conditions under which they offer special advantages. 
* * * * * 


Devices of this nature all had the serious defect 
of requiring very delicate adjustments because the 
amount of energy available was very small. They also 
lacked a satisfactory means for varying the time delay. 

These defects were readily overcome by the use of 
current transformers connected to suitable relays. The 
desired time delay characteristics were obtainable 
with this combination and additional features such as 
differential protection, reverse power control, etc., 
could also be obtained. In many cases, however, 
the current transformers added a very considerable 
item of expense to the installation, particularly in the 
higher voltages. 

The use of the entrance bushing on the oil circuit 
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breaker offered a means to provide insulation for the 
primary circuit of the current transformer, eliminating 
one of the heaviest items of expense in connection with 
its use. These means were used either by applying a 
bushing type transformer in which the primary winding 
was formed by the conductor passing through the bush- 
ing, or a transformer with a primary coil wound on the 
core and mounted in the oil circuit breaker tank. 


EARLY FORMS OF TRANSFORMERS 
An early form of transformer of this type was 
designed for use with circuit breakers having dimensions 
already established. It was necessary to make the 
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primary coil as small as possible and to aid in obtaining 
this result, the secondary coil was placed on the leg of 
the core opposite to that on which the primary coil was 
located. The core was given an equal amount of 
insulation, both from the primary and the grounded 
secondary coil, so that the dielectric stress on the insu- 
lation at the primary coil was considerably reduced 
from that which would have existed if all of the insula- 
tion has been applied at one point. Transformers of 
this type were applied to oil circuit breakers ranging 
from 22,000 to 110,000 volts. 


The accuracy of ratio and phase angle of these trans- 
formers with wound primary coils was not sufficient to 
permit their application to metering. 

Further development was made possible by in- 
creasing the space available inside of the tanks, per- 
mitting the physical dimensions of the transformer 
to be increased. Improved electrical characteristics 
were obtained by mounting the primary and secondary 
coils concentrically upon one leg of the core and 
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increasing the number of ampere-turns and cross- 
section of core. The characteristics thus obtained 
made the transformer suitable for metering. The 
mechanical strength of the transformer as a unit, and 
also of its mounting in the oil circuit breaker, were 
also greatly improved by this construction. 

The insulation between the primary and secondary 
coils presents a rather unusual problem because of the 
possibility of the transformer being operated, at times, 
in oil of reduced dielectric strength. It is also neces- 
sary to provide for a possible accumulation of carbon 
and other deposits which may adhere to the surface 
of the insulation. 

A type of construction for the major insulation 
which has proved highly satisfactory consists of 
concentric tubes of laminated phenol compound sup- 
ported on rings of the same material. Shoulders are 
turned on the tubes and the supporting rings are 
pressed against them so that the tubes cannot slip 
along their axis. The free circulation of the oil between 
the tubes is insured by perforating the supporting 
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rings. This construction provides for a very long 
leakage path between the primary coil and ground. 


Additional leakage surface is obtained by applying 
a porcelain tube with a corrugated flange at each end 
of the Bakelite insulating tube. 


MODERN DESIGNS OF TRANSFORMERS 


Figs. 1 and 2 show typical transformers of this con- 
struction. The outer coil is the primary which in the 
transformer illustrated is wound in two sections. Links 
are provided to permit the sections to be connected, 
either in series or parallel to obtain two different ratios. 
The secondary coil is wound on a tube which fits against 
the core, directly under, and concentric with the 
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primary coil. The secondary leads can be seen, 
running out to the secondary terminal block at the top 
of the transformer. The symmetrical arrangement 
of the coils limits the mechanical forces due to heavy 
primary currents to a minimum. 

The mounting of a current transformer in an oil 
circuit breaker tank calls for particular care because of 
the mechanical shocks to which the transformer is 
subjected during the interruption of the circuit by the 
oil circuit breaker. It has been found that if very 
substantial support is given to the core of the trans- 
former, it will withstand these shocks without sustaining 
injury. 

Fig. 1 shows a typical mounting of one of these trans- 
formers in a multiple break oil circuit breaker of the 
rotary type. The core is held rigid by a _ bracket 
which is secured to the cover of the oil circuit breaker. 
The primary coil is in turn fastened to the lower end of 
the entrance bushing by means of heavy copper links. 
The location of the transformer relative to the contacts 
of the breaker is such that it is at no time endangered 
by proximity to the ares, which are drawn upon opening 
the breaker. In extreme cases where the number of 
instruments to be operated exceeds the capacity of 
one transformer, two of these transformers can be 
mounted in each phase of the oil circuit breaker. In 
this case, one transformer is applied to each of the 
entrance bushings. 

In some of the earlier transformers of this type 
trouble was experienced due to surges causing a failure 
of the insulation between turns in the primary coil. 
Various protective devices were tried. It was found 
that by applying very generous insulation between 
turns on the primary, all trouble from this source was 
eliminated and that protective devices to shunt the 
surges across the primary coil were unnecessary. 


APPLICATIONS 


The application of wound type current transformers 
in the tanks of oil circuit breakers is particularly ad- 
vantageous in meeting two distinctly different require- 
ments. One of these cases is where it is necessary to 
operate watt-hour meters for measuring small amounts 
of power, where the required accuracy cannot be ob- 
tained from bushing type transformers. The second 
use to which these transformers can be very advanta- 
geously applied is to operate tripping relays where the 
primary current is low and the secondary burden on 
the transformer is high. 

For the first case, Fig. 3 shows the ratio and phase- 
angle curves obtained with this type of wound trans- 
formers when operating with burdens of 0.1 ohm 
resistance 0.13 wh. or approximately 214 volt-amperes, 
90 per cent power factor, and of 0.6 ohms resistance 
0.7 wh. or approximately 15 volt-amperes, 90 per cent 
power factor. These curves are characteristic of the 
type of transformers herein illustrated, over their total 
range of 5/5 ratio to the upper limit of 400/5 ratio. 
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Where extreme accuracy is needed, the ratios can be 
adjusted by turn compensation to get zero error at 
any per cent of primary load desired. This is ac- 
complished by the use of two parallel secondary 
windings having an unequal number of turns. By 
choosing a suitable combination of turns for these 
secondary coils, the ratio for a given primary current 
and burden can be adjusted to any desired value.” 

For the second case, Fig. 4 shows the relation between 
primary and secondary amperes of a conventional 50,5 
ratio (10 secondary turns) bushing type transformer 
and of a wound type transformer of the same ratio. 
A rating somewhat below that generally considered 
the minimum for bushing type transformers was 
chosen so as to magnify the differences between the 
two types of transformers. 

‘A point that is occasionally overlooked in the appli- 
cation of induction type over-current relays to current 
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X 2.5 Volt-amperes, 90 per cent power-factor burden 
Y 15 Volt-amperes, 90 per cent power-factor burden 


transformers is the excessively high burden which they 
impose on the transformer when they are connected 
on the low-current taps. A type of relay frequently 
used with bushing type current transformers has a 
nominal rating of two volt-amperes at the tap current. 
If such a relay is connected to the transformer and 
operated on the two ampere tap the impedance of the 
relay alone is approximately equivalent to a burden 
of 12.5-volt amperes at five amperes secondary current 
of the transformer. 

The usual installation of high-voltage oil circuit 
breakers, requires a considerable length of wire to be 
run between the current transformers and the relays. 
Using No. 10 copper wire for the secondary leads, the 
volt-ampere burden added by the wire is approximately 
five volt-amperes for each 100 ft. of distance between the 
transformer and relay. The curves marked W Y and 
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f Y in Fig. 4 would be those resulting from the use of 
a two volt-ampere induction type relay connected on the 
two-ampere tap and mounted 50 ft. from the oil circuit 
breaker. Using a 50/5 ratio transformer it would be 
expected that the relay would trip the breaker at a 
minimum of 20 amperes, primary current. The chart 
shows, however, that while this would be true with the 
wound type transformer it would require a minimum 
of 80 amperes primary current to operate the relay from 
the bushing type current transformer. Approximately 
the same burden would be obtained with a 12-volt- 
ampere relay connected on the five-ampere tap, or a 17- 
volt-ampere relay connected on the six-ampere tap, 
when either relay is located 50 ft. from the current 
transformer. 


The curves marked W Z and R Z are those obtained 
with a secondary burden of. 50 volt-amperes, 50 per 
eent power factor. Approximately this amount of 
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WY 
WZ 
1g 
RZ 


Wound transformer 15 volt-amperes burden 
Wound transformer 50 volt-amperes burden 
Bushing transformer 15 volt-amperes burden 
Bushing transformer 50 volt-amperes burden 


burden would be imposed by a two-volt-ampere relay 
connected on the one-ampere tap or a 17-volt-ampere 
relay connected on the three-ampere tap, either of these 
being located 50 ft. away from the circuit breaker. 
In thiscase, the bushing type transformer would require 
more than twice the primary current to operate the 
relay than that required by the wound type current 


’ transformer. 


It will also be seen that the ratio of the bushing type 
transformer varies considerably throughout the range of 
primary currents and that it becomes very bad at 
from five to eight times normal current, whereas the 
wound type transformer has a very small error until 
the primary current rises to around 20 times normal. 
This characteristic of the wound type transformer 
makes it particularly suitable for use on differential 
protection of transformer banks where the charac- 
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teristics of the current transformers on both sides of 
the bank must be carefully matched in order to prevent 
the operation of the relays on heavy through short 
circuits. 

The upper limit of ratios at which it is desirable to 
apply the wound type current transformer in circuit 
breaker tanks is fixed by two considerations. The 
one is a mechanical, and the other an electrical limita- 
tion. The duty required of the circuit breaker for 
rupturing heavy currents usually varies somewhat 
in proportion to the current which will normally be 
carried by the breaker. The mechanical strains placed 
on the transformer are greatly increased where the 
circuit breaker is used to interrupt very heavy currents. 
This means that even though transformers might be 
built for heavier primary currents than 400 amperes, 
their installation in circuit breakers, which are re- 
quired to carry larger amounts of current, would: in 
many cases be hazardous, because of the severe shocks 
to which they would be subjected under short circuits 
and the heavy mechanical forces which would be im- 
posed on them by the explosion when the breaker 
interrupts the circuit. A second limitation places the 
400/5 ratio as a reasonable upper limit for these trans- 
formers, because the accuracy of a bushing type trans- 
former of this ratio is approximately as good as that 
of the wound type transformer. 

Figs. 5, 6 and 7 show the comparison between ratio 
and phase-angle curves of a conventional 400/5 ratio 
bushing transformer and of the wound type transformer 
of the same ratio. The curves have been plotted on 
semi-logarithmic scale so as to condense the portion 
of the chart beyond full-load primary current. The 
curves in each case were taken without compensating 
the transformers for the particular burden. This 
permits direct comparison to be made from one chart 
to the other to observe the effect of changing the 
secondary burden on either transformer. ‘These curves 
show that for a very low burden, the bushing type 
transformer has a better ratio but poorer phase angle 
than the wound transformer; and that if the burden is 
increased, the wound type transformer has much better 
characteristics than the bushing type. 


CONCLUSIONS 
1. Experience has shown that wound type trans- 
formers can be. safely installed in the tanks of high- 
voltage circuit breakers, in many cases, at a very 
substantial saving of cost over externally mounted 
transformers. 


2. For heavy secondary burdens these transformers 
can be built to give characteristics that are much 
better than those of bushing type transformers where 
the ratios are less than 400/5. 

3. For light burdens the wound type transformers 
offer means of obtaining characteristics which are 
suitable for metering at low ratios where bushing type 
transformers would be entirely unsatisfactory. 
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Synopsis.—Data onthe surge voltage investigation, carried out 
under the auspices of the Subcommittee on Lightning, on one of 
the 132-kv. lines of the American Gas and Electric Company during 
1928, are presented. Most of the surges have been segregated as to 
cause, and plotted in summary form for more convenient use. The 
magnitude and character of recorded surges are discussed, and the 
conclusions drawn from data presented. 

Information on voltage surges due to lightning, switching, trip-outs, 
and unknown causes, are presented, as well as records of lightning 


I. INTRODUCTION 


‘N carrying out the work of the Subcommittee on 
Lightning of the A. I. E. E. Committee Trans- 
mission and Distribution, with the author as 

secretary, an extensive klydonograph layout was 
planned and placed in operation during the lightning 
season of 1927, on the 132-kv. system of the American 
Gas and Electric Company. This work, started 
under the sponsorship of the Subcommittee on Light- 
ning, was made possible by the cooperation of the 
General Electric Company, the Westinghouse Electric 
and Manufacturing Company, and the American Gas 
and Electric Company, and it’s subsidiaries; namely, 
the Ohio Power Company and the Appalachian Electric 
Power Company. 

This paper presents some of the first data obtained 
from investigation on one part of the system. It 
is planned to combine with all the 1927 work data 
from other parts of the system where investigation 
was made together with results secured from the 
continuation of tests during 1928, and present it later 
as a complete report by the Lightning Subcommittee. 


II. SystTeEM INVESTIGATED 


In selecting a system on which to carry out this work 
during 1927 the Lightning Committee decided that the 
132-kv. Philo-Canton line of the American Gas and 
Electric Company was particularly well suited, as a great 
deal of lightning trouble had been experienced when 
this line was first placed in service.? After careful study, 
it had been supplied with protective equipment designed 
to minimize lightning troubles; and it was situated in a 
section of the country where lightning storms were 
known to be unusually severe. 


1. American Gas and Electric Company, New York, N. Y. 

2. Lightning and Other Experience with 182-Kv. Steel Tower 
Transmission Lines, Sindeband and Sporn, A. I. EH. HE. Trans., 
Vol. 45, 1926, p. 770. 

Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25-29, 1928. Complete copies wpon request. 


arrester discharge currents, voltages across choke coils, and on the 
ground wire. 

This paper is presented to make available to the engineering 
profession at this time some of the information already obtained, 
pending the complete report of the Subcommittee on Lightning. 
As experimental work is still being done in the field during 1928, 
anything approaching a complete report cannot be made until next 
year. 


The Philo-Canton line is a 73-mi. double-circuit 
A.'C.8.R. conductor line, with wires in vertical 
configuration, one circuit on each side of the tower. 
The line is equipped with ring and horn protection on 
all insulator strings, and with one ground wire at the 
peak of the tower. This line is in Ohio, parallel to, and 
about 50 mi. west of the Ohio River. The 132-kv. 
system is operated with solidly grounded neutral, the 
only ground on the Philo-Canton line being at the 
Philo end. 

In carrying out the program, tests were made also on 
a 132-kv. lightning arrester at the Turner substation 
located in Charleston, West Virginia. 

This paper covers only results obtained on the Philo- 
Canton line and on the lightning arrester at Turner 
Substation. 


Ill. Scope oF INVESTIGATION 


In planning the installation of instruments, locations 
were so chosen that it was expected valuable informa- 
tion would be obtained on the following: 

Choke coil effectiveness 

Ground wire protection 

Polarity of lightning 

Transient voltages on the ground wire 

Functioning of lightning arresters 

Attenuation of voltage surges 

Voltage change at termination of ground wire 

Switching surges 

Action of tower ground resistance during insu- 
lator flashover 

10. Relative surge voltages on symmetrically placed 

parallel conductor 

The first instruments were placed in service May 10, 
1927, and the major part of the installation completed 
about June 15. The investigation as a whole was 
concluded October 16, 1927, although some of the 
instruments at the stations, where they were accessible, 
were continued in operation throughout the winter of 
1927-1928. 
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VII. Data OBTAINED AND ANALYSIS 
During the period of instrument operation, up to 
October 16, 1927 approximately 3600 Lichtenberg 
figures, resulting from 550 surges, were obtained on 
the Philo-Canton section of the system. These surges 


Fig. 
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1 typical lightning (HD) figure 
2 & 4 (HD) figures, line deenergized 
3 & 5 (HD) figures, line energized 


were classified and regrouped so that a detailed study 
might be made of any particular type of surge. On the 
Philo-Canton line, these surges have been classified 
according to cause, as follows: 


TABLE I 
Excluding 
slightly 
Total damped 
(Ofelia sVop yp elites ia abs aera ein inane mca Reto ce: 8 CRONG ee ener i : 295 272 


OUGESIGE SwitChin eyes ciccrs mesa sae ether wise wo © whe 29 26 
Bureiswitching surges: ss. cesta wie e's Sk oe ee 


PASH ENIN SSUUE CS aie ions eee aise nraroxple take aeaiiene scar 166 96 
Combined lightning and switching............ 6 4 
Lightning arrester discharges................-. 40 40 


GLOUMC SWIC ISUP EOS anys) stewsiele se siaobr «cll wieueke eleiss 68 68 


Outside and Pure Switching Surges. For more con- 
venient study, the surge data have been assembled 
into summary curves, two of which are shown in Fig. 10. 
The lower curve applies to outside switching surges and 
shows that of 26 surges the maximum was 1.8 times nor- 
mal and that 50 per cent of them were over 1.4 times 
normal. Outside switching surges are classified as sur- 
ges originating from switching on parts of the system 
other than where instruments are located. In some 
cases, surges were caused by switching on the secondary 
side of the transformers connected to the 132-kv. line. 
This type of surge has also been included in this curve. 

The upper curve of this Fig. 10 shows the results of 
101 pure switching surges with maximum recording 
value of 5.2 times normal. These surges have been 
segregated as to nature, showing 9 positive, 12 negative, 
and 80 highly damped. Two points of the curve have 
been marked, indicating the maximum recorded voltage 


SPORN: SURGE VOLTAGE INVESTIGATION 


877 


on energizing; also on deenergizing the line. These two 
points were the results obtained on four separate 
switching tests of the Philo-Canton line, in which 
surges caused by energizing and deenergizing the line, 
as well as switching load at Newcomerstown, (the 
approximate half-way point of the line), were separated 
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May 10 to Oct. 16, 1927 
Philo-Canton 132-ky. line 
Deenergized at Philo station 


by one-hour intervals. In the earlier part of the tests 
it was found that lightning and switching surges 
occurring at the same time caused some confusion due 
to the absolute impossibility of separating the switching 
part of the surge from the lightning part. It was 
therefore decided to separate the switching surges by 
one-hour intervals in a prearranged test, and in this way 
to study the effects of switching load, deenergizing the 
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line, and energizing the line. Results show that the 
maximum recorded surge occurred on deenergizing the 
line and was 4.8 times normal. On energizing the line, 
the maximum surge was 2.3 times normal. 

To show the effect of the switching voltage through- 
out the entire length of the line, the records obtained 
on three of these switching surges are shown in Figs. 12 
and 13. The point of interest is that the switching 
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Philo-Canton 132-kv. line on July 30, 1927—11.00 p. m. 
Deenergized at Canton station 


surge travels with apparently little change in the 
voltage throughout the entire length of the line. The 
irregularities in the curves are probably within the 
limits of accuracy in the instruments, and it will be 
noted that the distinct tendency of higher voltages at 
either end of the line is due to reflection. 

Surges of Unknown Origin. Surges of unknown 
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origin on the Philo-Canton line are shown graphically 
in Fig. 11. While there were 272 surges for which no 
cause could be found, it will be noted that these never 
exceeded 2.5 times normal and only five per cent of them 
exceeded two times normal. This type of surge can be 
dismissed as being unimportant in magnitude, although 
constituting a comparatively large number of voltage 
changes on the line. 

Lightning Surges. The 96 lightning surges on the 
Philo-Canton line are summarized in Fig. 14. The 
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maximum surge indicated is 4.4 times normal and 50 
per cent of the surges are above one and one-half times 
normal. These surges have been segregated as to 
nature predominating in each surge, as follows: 25 
negative, 42 positive, and 29 highly damped. 

Lightning and Lightning Surges. ‘The four lightning 
surges on the line causing line trip-outs gave maximum 
voltages of 5.0 and 3.7 times normal to ground. These 
were slightly damped surges, and it is believed may have 
been caused by the switching surge following the light- 
ning voltage flashover. The other two surges recorded 
a maximum of 5.4 and 6.2 times normal, but both being 
SD figures, the results were not seriously considered. 
Since lightning voltages more than double the values 
above recorded are necessary to cause insulator flashover, 
itisclear, even with a fairly large number of instruments 
on theline, that thereis no certainty that anything likethe 
maximum voltage on the line will be recorded. As 
sections of line in the order of 25 mi. existed where no 
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surge recorder was located, this shows that the light- 
ning voltages did not travel with destructive values any 
great distance. This characteristic of the lightning 
surge is distinctly different from the switching surge. 

Voltage Drop Through Choke Coils. The attempt to 
measure the voltage drop through choke coils was rather 
ineffective on account of the existence of SD figures 
in the records. However, of 10 lightning surges (no 
SD figures included) on four surges, the bus side of the 
choke coil was the higher averaging nine per cent 
higher than the line side, and on six surges, the line side 
of the choke coil was higher, averaging 251% per cent 
higher voltage than on the bus side. It can only be said 
that a tendency exists as indicated for the choke coil 
to reduce the lightning voltage originating on the line 
in the order of 25 per cent, but it is not felt that sufficient 
data on this subject have been obtained to finally prove 
the effectiveness of the choke coil. 

Inghtning Arrester Data. The data on all six light- 
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ning arresters are summarized in Fig. 15. The only 
record of current discharge in the arresters was obtained 
at Newcomerstown and Turner Substations. No 
records were obtained at Philo or Canton on lightning 
arresters due apparently to the arrester not discharging, 
although the instrument was set up to record a current 
as low as about 150 amperes in the neutral leg. In 
Fig. 15 it should be noted that the current and voltage are 
not simultaneous readings. Forty lightning arrester 
discharges were recorded; 21 were positive, 11 were 
negative, and 8 were highly damped. Of the light- 
ning discharges, 12 were positive, eight negative, and 
four highly damped. Of the switching discharges, one 
was positive and one negative. Of the discharges due 
to unknown causes, nine were positive, two negative, 
and two highly damped. One discharge due to an 
arcing ground registered minus 3860 and plus 410 
amperes, being of a highly damped nature. Anattempt 
to plot a curve of current against voltage recorded 
resulted in a shotgun curve of little value. It is felt 
that considerable more work will have to be done in 
securing lightning arrester data before any definite 
conclusion is arrived at. 

Inghtning Surges on Parallel Circuits. The data 
secured at instruments located on the top wires of the 
two Philo-Canton lines (eliminating SD figures) gave 
nine surges, including four positive, two negative, 
and three highly damped. The ratio of the two lines 
at any point varied from 0.80 to 1.25, averaging 1.03. 
The minimum voltages occurring during these surges 
were in the order of from 120 kv. to 140 kv. minimum to 
340 to 400 kv. maximum. Here, again, the data are 
too meager to prove definitely that the induced voltages 
on the two wires are equal; but this tendency is indicated. 

Tower Base Voltages. At Station 48, where an instru- 
ment was located to determine the voltage between the 
tower base and ground, no records were obtained during 
the season. It should also be noted that at this tower 
there were no flashovers of the line. 


VIII. CONCLUSIONS 


1. The choke coils reduced the recorded lightning 
voltage in the order of 25 per cent, although tests on 
this feature are not sufficiently extensive to prove this 
statement conclusively. Reflections at the coke coil 
may also have had a decided effect in altering the 
incoming voltage wave, so that this 25 per cent may not 
have been an actual reduction of the initial wave. 

2. The protective value of the ground wire could 
not be proved conclusively from the data, due largely 
to the presence of SD figures in the records. It is 
planned to continue this investigation the coming year. 


3. The record on instruments at the time of line 
trip-outs due to lightning (maximum 5.0 times normal 
voltage is found) indicates that the voltages higher than 
recorded must have existed on the line for flashover to 
have occurred. This brings up the point that surge 
recorders must be placed in generous numbers on a line 
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to thoroughly study line performance. There is 
further indication from these data, that lightning 
voltages do not travel a great distance. Otherwise 
there would have been recorded high voltages on some 
of the surge recorders. 

4, The polarity of lightning surges indicated a 
preponderance of positive impulses. Of 96 surges, 42 
were positive, 25 negative, and 29 highly damped. 

5. Transient voltages on the ground wire at the 
tower were recorded as high as 8200 volts negative 
during a lightning storm, and in all cases were of the 
order of 3000 to 4000 volts. These surges were recorded 
at times of lightning storms and switching; in some 
cases no cause could be found. This relatively lower 
voltage on the ground wire compared with the higher 
voltage on the line is positive evidence of the effective- 
ness of the ground wire in reducing the impulse voltages 
on the line itself. 

6. Lightning arrester discharges in all cases were of 
the general order of 200 to 400 amperes, although two 
cases were recorded as high as 1260 and 2620 amperes. 
Measured currents were in all cases the sum of the 
currents in all three legs of the arrester. The highest 
recorded current was negative; the 1260 ampere value 
was highly damped, being initially negative. 

7. Attenuation of lightning surge voltages failed to 
give any conclusive results chiefly on account of the 
presence of SD figures. 

8. The attempt to determine voltage changes at the 
termination of the ground wire was not very successful 
due principally to insufficient reliable data and the 
proximity of the test point to the substation where the 
numerous changes in surge impedance introduced the 
question of reflected waves. 

9. Switching surges have been recorded as high as 
5.2 times normal, which seems to be in general agree- 
ment with previous results. Over 50 per cent of the 
switching surges were of the order of two and one-half 
times normal to ground or higher. By isolating switch- 
ing surges in four special tests, it was shown that the 
surge voltage on deenergizing the line was approxi- 
mately twice as great as on energizing the line. Switch- 
ing surges are mostly of a highly damped nature, as 
shown by the data. 

10. During the tests, no voltage was recorded be- 
tween the base of a tower and ground, although the 
voltage at the peak of the tower to which the ground 
wire was attached indicated surge voltages up to 
8200 volts. 

11. The relative lightning voltage on parallel 
conductors is shown to be equal, although the data are 
too limited to prove this point definitely. 


12. It was shown that the two types of surge re- 
corders are equally reliable from the point of view of 
measuring surges; but it was also shown that the type 
of coupling employed to connect the instruments to the 
line must be carefully studied and selected or erroneous 
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conclusions may result. This point is clearly shown 
from the experience at Tower 172, Stations 20, 21, 22 
and 23. 

13. Itis believed that this investigation has resulted 
in some new information, some confirmatory, and some 
negative. All this information is valuable, although a 
great deal more data must be obtained to properly solve 
the lightning problem. With this data and the data 
it is hoped will be obtained during the year 1928 light- 
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ning season, it is believed some further light will be 
thrown upon the lightning voltage situation. 
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Motor Drives for Cards and Roving Frames 
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Synopsis.—I mproved forms of drive for cotton cards and roving 
frames have yntil recently, received less attention than most other 
applications in the textile industry. In this article there is a 


NLY within the past few years has particular 
attention been paid to the development of in- 
dividual motor drives for the cards and roving 

frames of cotton mills. 

Probably the reasons for this delay are that the ad- 
vantages were not recognized and the applications of 
individual drives were less simple than for other forms 
of cotton mill machinery on which individual drives 
have been used successfully for many years. 


The carding process is the second one in the manu- 
facture of cotton yarn. In the first process, the baled 
cotton is loosened, cleaned of trash to a certain extent, 
and delivered in the form of a lap, or rolled up sheet of 
loose cotton, usually 40 in. wide. The card removes 
still more of the dirt, and tends to straighten and 
parallel the individual fibers of the cotton. Stock is 
delivered from the card in the form of sliver or a soft 
strand of cotton approximately one inch in diameter. 

Following the card comes the drawing process, in 
which multiple strands of sliver are drawn again to one 
strand. This doubling and drawing action tends to 
eliminate irregularities and further parallels the fibers. 

The next are the roving processes. Two to four 
processes are used depending upon the product. The 
soft untwisted sliver is doubled and drawn to a much 
smaller diameter, and each process puts in a little twist. 
From the roving frames, the stock goes to the spinning 
frames, where it is finally drawn and twisted to form 
the yarn. 


1. Textile Engr., Westinghouse Elec. & Mfg. Co., East 
Pittsburgh, Pa. 

Presented at the Regional Meeting of the Southern District No. 4 
of the A. I. E. E., Atlanta, Ga., Oct. 29-81, 1928. Complete 
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discussion of the forms of drive available for three classes of machin- 
ery, together with a discussion of the factors which must be considered 
in selecting a drive under particular conditions. 


CARD APPLICATION REQUIREMENTS 


In construction, the principal elements of a card 
are two heavy cast iron cylinders known, respectively, 
as the main cylinder and the doffer. The main cylinder 
is 50 in. in diameter and 40 in. wide, revolving at a 
speed of from 160 to 180 rev. per min. The doffer 
cylinder is smaller in diameter and revolves at a much 
lower speed. Cotton is carried by fine wire points on 
the surface of the main cylinder past stationary wire 
points, and it is this action which tends to straighten, 
or comb out the fibers. 

Polyphase a-c. motors, rated at 114 to 2 hp. and 1160 
rev. per min., have been adopted generally for in- 
dividual card drive application, the motors being 
mounted on brackets attached to the cards with gear or 
chain drive to the main shafts. The motor is designed 
to have a starting torque of about 250 per cent of full- 
load torque, which is more than is necessary to overcome 
the static friction. Without this fairly high torque, 
the period of acceleration would be unduly long, owing 
to the inertia of the cylinders. As customarily installed, 
the starting period is from 18 to 22 sec., which has 
proved to be entirely satisfactory. 

At times, in order that the fine wire points may be 
ground, it is necessary to reverse the direction of rota- 
tion. In addition, the card must be stripped from two 
to four times a day. This work consists in removing 
from the bases of the fine wire points the accumulation 
of cotton and dust. Naturally, the application of 
individual drive to a card must be capable of properly 
meeting the additional requirements of reversing and 
stripping. 


ROVING FRAME APPLICATION REQUIREMENTS 
Roving frames handle stock which is in a very soft 
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condition. There is very little twist,—consequently, 
little strength—making it necessary to guard against 
unevenness in the application of torque. 

Motor drives for roving frames fall into the two 
general classes of group and individual drives, and there 
are two types of each employed. As to group drives, 
there is the usual form of large group drive and the four- 
frame drive in which frames are belt-driven directly 
from pulleys on the motor shaft. Low-speed motors 
are used for this service. 

As to individual drives, one system employs a motor 
which runs continuously. The frame is started and 
stopped by operating a clutch between the motor and 
the frame shaft. The other system makes use of a 
motor driving directly to the machine. In this case 
the motor must-start and stop with the frame. 

The foregoing discussion gives, in a brief way, the 
general driving requirements of carding and roving 
machinery and the forms of drive which are available. 
Let us now consider the factors which enter into the 
problem of selecting the form of drive to be used for 
any particular case. 

In an old mill being changed from engine to motor 
drive, there are many considerations which are not 
involved in planning drives for a new mill or for 
machinery to be added to an old mill. The following 
discussion of factors affecting the selection of drive 
applies particularly to the equipment of new mills, or 
the addition of machinery to old ones where provision 
for driving must also be added. 


CHARACTERISTICS OF CARD DRIVES 


In connection with cards, there are the two general 
systems of drive. In the following discussion the 
advantages and disadvantages of each are considered 
under several headings. 


SPEED AND PRODUCTION 


A card with gear or chain drive will run at a constant 
and predetermined speed within very narrow limits. 
Such variations as are found are caused by slight dif- 
ferences in load. With belt drive, there is always the 
probability of slip, and while this may be overcome to a 
certain extent by allowing for it in calculating pulley 
ratios, the slip is not constant. It varies with atmos- 
pheric conditions, temperature, and condition of the 
belts. This causes a loss of production proportional to 
the degree of slip. 

The results of individual drive compared with group 
drive, with respect to speed and production, are well 
illustrated by speed studies which have been made. 
The speed of each card was taken in a number of mills. 
The mills selected were all well equipped and main- 
tained. Since ideas as to the proper speed of a card 
vary, the difference between the average and maximum 
speeds found in the same installation is taken as the 
measure of the loss of production. 

In the group drive installations was found an average 
loss of 7.3 rev. per min. or 4.33 per cent. 

Slight variations were found also in individual drive 
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installations, and applying the same method of comput- 
ing, the average loss was 1.1 rev. per min. or 0.59 
per cent. 

The difference between these two percentages, (or 
3.74 per cent), is a fair measure of the increased pro- 
duction which may be obtained with individual drive 
as compared with group drive. 


FLEXIBILITY 
By flexibility is meant the ability to install or operate 
a machine at any time with a minimum of reference to 
other factors or conditions. Machines with individual 
motors may be installed without reference to a fixed 
shafting layout or in accordance with an arrangement 
which would make a difficult layout for shafting. Such 
machines may be operated at any time without reference 
to other machines and in case of failure of a motor or 
drive, one machine only, is affected. The question 
of flexibility is often a deciding factor where machinery 
is to be added to an old mill. With respect to flexi- 

bility the individual drive is ideal. 


FLOOR SPACE AND SAFETY 
A card with individual drive will have an over-all 
width approximately five inches more than the same 
card arranged for belt drive. The spacing with in- 
dividual drive depends upon opinion and local con- 
ditions, but since there is no exposed moving part in 
connection with the drive there may be smaller clear- 
ances between the end of a motor and the adjoining 
card. In practise, the space occupied by an installation 
of cards with individual motors will be very nearly the 
same as that occupied by the same number of machines 
driven in a group. 
Regarding safety, there is unquestionably an ad- 
vantage in favor of the individual drive. 


CLEANLINESS 
In this respect, individual drive is superior to group 
drive. Shafting and pulleys collect lint and dirt which 
must come down. If it drops onto the card or the 
stock, the quality of the output is to some extent 
damaged. 
APPEARANCE 
In this respect, individual drive is the better. Ap- 
pearance is an intangible quality, but unquestionably 
one of real importance where fine work is being done. 


MAINTENANCE 


There is little advantage to be claimed for either 
system with respect to maintenance and replacement. 
The accessibility of the individual drive makes easy the 
good care which might in some cases have a bearing 
on the life of the equipment. 


EFFICIENCY AND POWER FACTOR 


Large motors used with group drive are more efficient 
than small ones used with individual drive, but the 
drive used in the individual installation is more efficient 
than belts and shafting necessarily used with the larger 
motors. The loss in shafting and belts will vary from 
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35 per cent, so no general comparison may be 
When ball-bearing hangers are used on cor- 
alined shafting the over-all efficiency of the 

group drive will about equal that of the individual 
drive. When plain bearings are used, the difference 

will almost certainly be in favor of the individual 
drive. Assuming 95 per cent efficiency for the chain 
used with individual drive, and 80 per cent for the trans- 
mission used with group drive, the combined efficiency 
of the small motor and chain will be about 79 per cent. 

The combined efficiency of large motor and transmission 
will be about 73 per cent. The difference of 6 per cent 
is thus in favor of the individual drive. 

The power factor of a typical group drive installation 
will be about 89 per cent and of a typical group of 
individual drives about 78 per cent. 


Cost ANALYSES—CARD DRIVES 


With the exception of the cost element, the foregoing 
discussion covers the principal points to be considered 
in selecting a drive for a group of cards. Following are 
comparative estimates of cost. A card, (in place), 
with driving equipment is taken as a unit. The cost 
of the unit with individual drive may be compared with 
that of the unit with group drive. Against this may be 
balanced the effectiveness of the unit as a producing 
machine when driven by an individual motor, as com- 
pared with its effectiveness when group driven. 


12 to 
made. 
rectly 


Card with Individual Drive: 
1—40-in. card delivered and erected............ $1000 


Floor space occupied at $2.00 per sq. ft....... 190 
1—Individual ecard motor with switch, bracket, 
drive, guard, delivery, wiring and 
AT Stall Sto Meee eecew eM eee eee bor cee ae 158 
Ota ee aa ee TCR. Rete gta kere $1348 
Card with Group Drive: 
1—40-in. card delivered and erected............ $1000 
Floor space occupied at $2.00 per sq. ft....... 180 
Cost per eard of group drive, including motor, 
switch, wiring, belting, pulleys, shafting, 
treichiandainstallation eee aera 63 
ERO UMMRE Foto eae Oe ie ME ME = Gols cae secre $1243 
DITTCVONCO Here: cee ENCES PEs Doreen eh eee $ 105 


This difference takes into account the slight addi- 
tional floor space often allowed for individual drive. 

These figures indicate that a saving of 7.8 per cent in 
first cost may be made by installing group drive and 
translated into terms of annual fixed charges at 12 per 
cent means an additonal cost of $12.60 per year for 
each card. 

On the other hand, the individual drive will handle 
at least 3 to 5 per cent more stock with given adjustment 
of machine and speed. This increase comes with no 
increased labor cost, and may result in a reduction of 
the number of cards installed for a required output 
from the carding department. Also, there is the item 
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of power consumption. In most cases the difference 
in efficiency will be in favor of individual drive. In any 
particular case, these factors may be directly translated 
into annual savings. In addition, there are important 
intangible advantages credited to individual drive, such 
as cleanliness, flexibility, convenience, appearance, and 
safety. These are more difficult to translate into 
dollars per year, but each one has a definite value in a 
mill where quality of output is important. Each card 
will handle stock valued at from $6000 to $7000 in a 
year, based on which, these intangible qualities operate 
to offset the additional yearly fixed charge of $12.60, 
which is directly chargeable to individual drive. 


ROVING FRAME DRIVE CHARACTERISTICS 


In connection with drives for roving frames, the 
factors to be considered in selecting a drive are, in many 
ways, similar to those discussed above with regard to 
cards, except that there are three alternatives instead 
of two. A discussion of the relative merits of the three 
systems follows. 

PRODUCTION. 

Production of roving machinery in general depends 
upon a proper application of power and constant and 
correct speed. 

A positive individual drive, if properly applied, will 
deliver a flow of power which will not cause the ends to 
break and which will hold a constant and predeter- 
mined speed. These conditions assure maximum pro- 
duction from each machine so far as is possible with 
respect to the drive. 

With group drive, there is an average of three belts 
between the motor and the machine. The possibility 
of variable slip in each of these drives tends to reduce 
production. 

Four-frame drive decreases the number of belts to 
one, and has a record of satifactory service. There 
remains the possible slip in the one-belt, in addition to 
which there is the question of wear of the non-metallic 
pulleys used on the motors. These pulleys are com- 
paratively small in diameter and with wear on the 
surface, the speed is reduced. If we assume that a 
pulley wears down  in.,in the course of several 
years, there will be an average loss of production over 
this period of at least 11% per cent. 


FLEXIBILITY 
As to flexibility in operation, from a practical stand- 
point, the four-frame and the individual systems of 
drive are about equal. The four-frame drive is not 
suitable unless there is good ceiling height. Failure of 
one motor stops four frames, while with individual 

drive, only one would be affected. 
The group drive system naturally lacks flexibility. 


CLEANLINESS 


In respect to cleanliness, the individual drive pos- 
sesses distinct advantages over the other forms of drive. 
There is no possibility of oil drip, and there is much 
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less probability of flying bits of lint alighting on the 
work. A little accumulation of lint being caught in 
the roving tends to make an enlarged place in the 
yarn, which, for even work, must not occur. 

The four-frame drive is superior in this respect to 
the group drive, but is inferior to the individual drive. 


EFFICIENCY AND POWER FACTOR 


The difference between individual and four-frame 
drive will be slight with regard to efficiency and power 
factor. Group drive will be lower in efficiency. Typi- 
cal efficiencies would be 81 per cent, 80 per cent and 
73 per cent for individual, four-frame, and group drives, 
respectively, including the loss in drives as well as in 
motors. Similarly, power factors would be 84 per cent, 
80 per cent and 91 per cent. 

APPEARANCE 


The remarks concerning appearance in regard to 
card drives apply with equal force to roving frame 
drives. 

Cost ANALYSIS—ROVING FRAMES 


The cost analysis of roving frames is not quite so 
simple as that of cards, since size and capacity vary 
widely. As a reasonable average, let us consider a 
9 in. by 41% in., 114-spindle intermediate frame with 
the various types of drive which may be applied. 


" Cost or FRAME 
1—114 sp. intermediate frame delivered and erected... . 


$1900 
230\sq. ft. of floorspace at $2.00................... 460 
AO Gail epee eases Porth env hw oh Fs utny oy Ceovravtos eran how $2360 
Cost oF Drive Per Frame 
il 
Group drive (based upon a group of 16 frames) includ- 
ing motor, switch, wiring, shafting, belts, pulleys, 
Gelivenva aNGKereChlOnaem ae. ceshin ioe See creme Stare $ 78.60 
II 
Four-frame drive including motor, switch, belts, 
aelivenvrandserectlOne ic Sat, ee caee sh sass $ 86.75 
iE 
Individual drive without clutch including motor, 
switches, wiring, bracket, chain, delivery and 
CLCCULOMM ERE REG tare re se i Ro os ey See $169.75 
IV 
Individual drive with clutch including motor, switch, 
wiring, clutch, bracket, delivery and erection...... $214.40 
SUMMARY 
Cost of Per cent Per cent 
frame and more more 
drive than I than IT 
Frame and drive I..... $2438 . 60 0) 
Frame and drive II.... 2446.75 0.3 0 
Frame and drive III... 2529.75 3.6 3.4 
Frame and drive IV... 2574.40 ORG 5 


Fixed charges on the additional investment in indi- 
vidual drive will range from $10 to $16 per year for one 
frame and the vale of the cotton handled in a year will 
be from $30,000 to $50,000. Even very small values 
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placed upon the improvements in quality and produc- 
tion which are attributable to individual drive will 
very quickly offset the added cost of such drive. 


SUMMARY 


To sum up the situation with respect to card drives, 
the individual drive excels in regard to more uniform 
speed and greater production, cleanliness, flexibility, 
convenience, appearance, safety, and usually better 
efficiency. 

Group drive has the advantages of slightly less floor 
space, better power factor, and lower first cost. 

With respect to roving frames, individual drive has 
these advantages of over either four-frame or large 
group drive; more uniform speed and greater product- 
ion, cleanliness. flexibility, appearance, and safety. 

Four-frame drive may claim better speed and pro- 
duction than the large group, flexibility practically equal 
to individual drive, better appearance and cleanliness 
than the large group, and lower first cost than individual 
drive. 

Large group drive may claim low first cost. 


CONCLUSION 


From this analysis, it is evident that individual drive 
provides to the greatest degree the qualities which are 
desirable from a manufacturing standpoint. The 
principal claim of the other forms of drive is lower first 
cost which is typical of group drive for industrial 
applications generally. As is seen above, the difference 
between the cost of a card equipped with individual 
drive is a very small percentage more than the same 
card with a group drive and the fixed charges on this 
additional cost is negligible in comparison with the 
value of the stock handled in the course of a year. 

The experience of those who have used individual 
drives or cards and roving make it clear that the value 
of the qualities peculiar to individual drive may greatly 
exceed the small difference in first cost and lead to the 
conclusion that this form of drive will be increasingly 
used by those making high quality cotton yarn and 
cloth. 


WORLD’S LARGEST ELECTRIC LAMP 


The world’s largest electric lamp, a monster 50,000 
watt experimental bulb built recently is like a radio 
tube in apperance. At the top of the bulb, a radiator 
made of metal fins carries off intense heat generated by 
the white-hot tungsten filament, which has a tempera- 
ture of 5500 deg. fahr.—twice as hot as molten steel. 
The bulb is filled with nitrogen gas, whose circulation 
cools it and carries upward into the radiator evaporated 
or thrown-off tungsten particles from the filament, 
thus preventing blackening of the walls. 

Although the present lamp is intended simply for a 
test by its designer such huge lights ultimately may 
find use in airport lighting and for the illumination of 
motion picture studios.—Transactions I. E. S. 
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Selection of Motor Equipment by Principle of 


Similar Speed-Time Curves 
BY BERNDT A. WIDELL, JR. 


Member, A. I. E. E. 


Synopsis.—Data for making preliminary estimates of speed of 
cars required, and capacity of motor to do a given service have been 
rather limited. The object of this paper is to show a method whereby 
it is possible to provide curves which are simple to calculate and easy 
to apply. 

No mathematical formula has ever been derived to express the 
speed—lime or current—time curves for a railway motor. Similar- 
ity between speed—time curves has been resorted to and this paper 
shows how this method can be used to give very accurate results by 
proper consideration of the various factors which influence the 
shape of the speed-time curve. 


Previous methods for estimating motor capacities are based on the 
horsepower of motor required, but with the advent of the self-ventilated 
and blown motors it is necessary to calculate the r. m. s. current for a 
given cycle and select a motor having this continuous rating. A 
method for doing this is proposed, based on similar current—time 
curves. 

The limiting values of average running speeds for given rates of 
acceleration and braking, and the data for obtaining motor capacity 
necessary at these limits are indicated on each curve. This helps 
one to visualize why it is not practicable to perform certain schedules 
on a fixed rate of acceleration and braking basis. 


NE of the most complicated engineering problems 
is that of selecting the proper motor equipment 
to perform a given railway service. By “‘ser- 

vice’”’ we mean that cars must make a given number of 
stops and slowdowns over a route in a given time. In 
many instances, the profile of the route is hilly and volt- 
age varies on different sections of the route, thus making 
it necessary to consider small sections of road at a time 
in our calculations to arrive at a suitable motor equip- 
ment. As a first approximation, it is usually assumed 
that the route is absolutely level. An average line 
voltage is also assumed, thereby reducing the work to a 
few simple speed-time curves. In the majority of 
cases, such a solution is accurate enough, but if it is not, 
sufficient information has been obtained to shorten the 
work of making detailed calculations over the entire 
profile as it actually exists and for the varying line 
voltages. 

Several electric railway engineers (among them 
EK. H. Anderson, A. H. Armstrong and F. W. Carter) 
have plotted curves from which a rough approxima- 
tion of the speed of equipment necessary to do a certain 
service can be made. Realizing that much more 
accurate curves could be plotted to cover greater 
ground, an investigation was made which showed that 
the car friction and slope of the motor speed-—tractive- 
effort curve were the factors which most influenced the 
shape of the speed-time curve, and hence the schedule 
speed, for a given rate of braking and acceleration. 
Referring to Fig. 1, curves B and C are speed-time 
curves for a certain weight of car, making the same 
schedule speed for the same length of run. The speed 
on leaving control and free running speed are shown in 
the table. It should be noted that for the same value of 
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car friction, there is a 5.5 per cent difference between 
speeds on leaving control, and 7 per cent difference be- 
tween free running speeds, due to different motor 
characteristics alone. Comparing curve C with A, the 
difference between speeds on leaving control and free 
running speeds is 15 per cent and 19 per cent, respec- 


SPEED (MPH) 


dl I L bes 
24 6 6 10 12 14 16 18 20 22 24 26 26 30 32 34 36 38 40 42 44 
TIME (SECONDS) 


Fig. 1—Sprerp-Time Curves Ixuustrrating THE DIF- 
FERENCES IN SHAPE DUE TO THE SLOPE OF SPEED-TRACTIVE- 
Errort CurvE AND THE Car FRICTION 


A—Average motor characteristic, friction 40 lb. per ton 
B—Flat motor characteristic, friction 20 lb. per ton 
C—Steep motor characteristic, friction 20 lb. per ton 


Speed on leaving control (mi. per hr.) A—12.9, B—11.8, O—11.2 
Free running speed (mi. per hr.) A—20.1, B—22.3, C—23.9 


Conditions: Length of run, 830 ft. rate of acceleration and braking 15 
mi. per hr. per sec.; average running speed 12.96 mi. per hr.; constant 
car friction 


tively. Obviously, if we are to make up curves that 
are to possess any degree of accuracy, the car friction 
and slope of speed-tractive-effort curve must be 
considered. 


First let us consider the effect of the slope of motor 
characteristic on the schedule speed. In order to dis- 
tinguish between two different motor characteristics, 
the one whose speed-tractive-effort curve has the greatest 
slope is termed steep, whereas, that with the less 
slope, is flat. Fig. 2 illustrates the difference in the 
two motors’ characteristics. Referring to Fig. 3 
and assuming that the number of stops per mile being 
made as one, we can read the free running speed corre- 
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sponding to the average running speed directly. With 
an equipment geared to 75 mi. per hr., the following 
average running speeds can be made with a motor 
having the steepest and flattest characteristic respec- 
tively 34.6 mi. per hr. and 35.3 mi. per hr.—a difference 
of -2 per cent. Over the usable part of this curve, 
the maximum variation in average running speed, due 
to the slope of motor characteristic is-2 per cent. If 
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SPEED (MPH) 


24 6 8 10 \2 14 16 18 20 22 24 
TRACTIVE EFFORT (LBS. X 100) 


Fie. 2—Sprrp-TRActivE-Errort Curve or Two Morors 


Havine A DiFrrERENCE IN SLOPE 


A—Steep motor characteristic 
B—Flat motor characteristic 


we base the curves on an average motor characteristic 
as indicated, the maximum variation in average running 
speed from either steep or flat characteristic is about 
1.4 per cent. 


ER 


FREE RUNNING SPEED 


10 | 


AVERAGE RUNNING SPEED. (STOPS PER MILE 


Fig. 3—Curves ILLUSTRATING THE DIFFERENT FRen Run- 
NING SpeEDS ReQquirED FOR Motors Hayine Dirrerent 
SLtopp SpEED-TRACTIVE-HFFORT CURVES 


Conditions: Rate of acceleration and braking 1.5 mi. per hr. per sec. 
Constant car friction 20 lb. per ton. No coasting, no leeway 


A—Steep motor characteristic 
B—Average motor characteristic 
C—Flat motor characteristic 


Next let us consider the effect of car friction on the 
average running speed. Referring to Fig. 4, a series of 
curves:has been plotted using an average motor charac- 
teristic as determined in the above paragraphs. With 
a 75-mi. per hr. equipment, the average running speeds 
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that can be made with car friction of 10, 20, 30 and 40 Ibe 
per ton are 33.6, 35.0, 35.5 and 36.0 mi. per hr. respect- 
ively. Practically all other curves of a similar nature 
have been based on 201b. per ton friction; hence, the error 
where the actual friction is 10 lb. per ton is 4.2 per cent, 
for 30 lb. per ton friction 1.5 per cent, and for 40 Ib. per 
ton friction 2.8 per cent. We can eliminate this error 
by using the average motor characteristic and plotting 
curves for the various friction values encountered, in 
which case the maximum error in average running speed 
calculated from these curves should not exceed 1.4 
per cent. 

The method by which curves of Fig. 3 and Fig. 4 
were calculated is a development of the similar speed— 
time curve idea. For instance, if speed-time curves 
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AVERAGE RUNNING SPEED,/STOPS PER MILE 


Fig. 4—Curves ILLUSTRATING THE DIFFERENT FREE RunN- 
NING SepEEDS REQUIRED witH A Moror Havine AN AVERAGE 
Store Sprep-Tractive-Hrrort CurvE FOR VARIOUS CAR 
FRIcTION VALUES 


Conditions: Rate of acceleration and braking 1.5 mi. per hr. per sec.; 
no coasting; no leeway; car friction constant at values given: 


A—10 lb. per ton car friction, B—20, C—30, D—40 


Use: Abscissas are the values of average running speed times 


¥ stops per mile, and corresponding values of ordinate on friction curve 


divided by the yv stops per mile gives the free running speeds necessary 
to make the average running speed 


are calculated using the average characteristic and a 
given rate of acceleration and braking for different 
lengths of run, a series of different shaped speed-time 
curves is obtained. The shortest run will be repre- 
sented by a triangle, a slightly longer run will show the 
car accelerating according to the slope of motor charac- 
teristic and value of car friction, and the longest run 
will be practically at free running speed. If a means 
is obtained for expressing each of these speed—time 
curves in terms of similar speed—time curves to give 
greater or less distance traversed, it will be possible 
to represent ever existing running condition. How 
this is accomplished can best be explained by referring 
to; FiS= 5, 


Let D, = 
D, ae 


distance traveled in ¢, seconds. 
distance traveled in t. seconds. 
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On an assumption that the two curves are similar, 
the following relations are true: 


Dy, Sr } te ) Vi i Ss } 
BO eS, OAM: PERN wa = ( Si. 
Di D» . 
where V; = rae and V2. = «= «average running 
1 2 
speed 
5280 5280 
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stops per mile; “ ‘ stops per mile 
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we can write 


stops per mile, ( 
stops per mile, 


SPEED 


oy 
Ey 
TIME 


Fig. 5—Srmizar SepreD-TimME CurRvVES 


And by transposition, using an abbreviation of stop 
per mile S/M, 


S/Mi Se = Stes 
or ay Silden Si = SMO: (1) 
and similarly SEV = 4 
VJ S/Mit, = VS/Mote (3) 
a/ S/ Mi Se an SS (4) 


Referring back to the different shaped speed-time 
curves, we can calculate ./ S/M,S,; and / S/M, Vi 
for each speed-time curve and plot a curve of (average 
running speed) times 4/ stops per mile against (speed on 
leaving control) times ./ stops per mile. S; of Fig. 6 
shows such a curve based on the average characteristic. 
The value of S; is the product of (speed on leaving 
control) times ./ stops per mile. There is also shown a 
S. curve, the value of S,; being (speed at which braking 
starts) times / stops per mile. 

Thus, knowing the schedule speed required and the 
average length of run, the speed on leaving control can 
be calculated from Fig. 6 and a motor selected with a 
gear ratio such that it will have this speed at the tractive 
effort necessary to accelerate the car at the desired rate 
and at the average line voltage. However, this curve 
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(Fig. 6) is not applicable to the tapped field motor 
because the speed on leaving control resistance points 
is quite different for a tapped and full field motor when 
both motors are geared to make the same free running 
speed. In view of the fact that a tapped field motor 
will make practically the same schedule speed as a full 
field motor, each having the same free running speed, 
and also to the fact that the free running speed of a full 
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Fig. 6—Curves ror ESTIMATING SPEED aT END oF ACCELERA- 
TION, SpEED AT INSTANT OF BRAKING, AND FRmE RUNNING 
SPEED 
Si—Speed at end of acceleration times “stops per mile 
Si/Sf—Ratio of speed at end of acceleration to free running speed 
So—Speed at which braking commences times yY stops per mile 
Sf —Free running speed times J stops per mile 

A—10 lb. per ton car friction 
B—20 lb. per ton car friction 


C—230 lb. per ton car friction 
D—4O0 lb. per ton car friction 


Conditions: Rates of acceleration and braking 1.5 mi. per hr. per sec.; 
no coasting; no leeway; car friction constant at values given 


Use: For a given value of abscissas; the free running speed is equal to 
value of ordinate S; divided by the value of ordinate S:/Sy for proper car 


friction value and by ¥ stops per mile, or to the value of ordinate Sy 
divided by the y stops per mile; the speed at instant of braking is the value 
of ordinate S2 divided by the y stops per mile 


field motor can be expressed accurately in terms of the 
speed on leaving control, a more practicable set of 
curves has been calculated showing the relation between 
(average running speed) »/ stops per mile and (free 
running speed) 4/ stops per mile. 

The method of expressing the free running speed in 
terms of the speed on leaving control was suggested by 
Mr. E. E. Kimball’s discussion of Professor Woodruft’s 
paper presented before the A. I. E. E. Nov. 18, 1914. 
Mr. Kimball noted that the tractive effort had a 
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logarithmic relationship to speed and therefore, that 
knowing the speed at one value of tractive effort, the 
speed could be calculated for any other value of tractive 
effort by the following equation: 


3 
S = S 0 1 Po 
ip 
speed at tractive effort P 
speed at tractive effort Po 


(5) 


Where S 
So 


The cube root factor in Equation (5) represents the 
slope of the speed—tractive-effort curve and, as stated 
by Mr. Kimball, was selected because of the ease of mak- 
ing certain calculations. The variation in this slope 
factor was determined by plotting on logarithmic paper 
speed against tractive effort for several motors varying 
in capacity. In the majority of cases the resultant 
curves were perfectly straight throughout the range of 
voltage and current at which the motors would be 
normallyused. Therefore, the logarithmic relationship 
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Fig. 7—Curves ILLUSTRATING CHANGE IN Ratio or SPEED 
on LEeAvinG ContTROL TO FREE RUNNING SPEED WITH VARIOUS 
VALUES oF ACCELERATING Rates, Car FRICTION, AND SLOPE 
oF Motor SPEED TRACTIVE Errort CURVES 

A—Flat motor characteristic 


B—Average motor characteristic 
C—Steep motor characteristic 


Si A Dp 
Formula ee \/ —_ 
Sf P 
Where Sys = Free running speed mi. per hr. 
S; = Speed on leaving control mi. per hr. 
A =Exponent expressing relationship between tractive effort 


and speed of motor characteristic 

p =Car friction at free running speed (lb. per ton) 

P = Tractive effort required to accelerate car at a given rate 
(ib. per ton) 


between speed and tractive effort can beexpressed by the 
following equation. 


T E times S* = K (6) 


where 7 E = tractive effort (Ib.) 
S = speed mi. per hr. 
a = exponent determined from plot (slope 
factor) 
K = constant determined from plot 
The values of (a) varied between 2.8 and 3.5 repre- 


senting respectively the steepest and flattest motor 
characteristics. A motor characteristic having a slope 
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factor of 3.2 represents the average slope of all motors 
considered and is that used as a basis of these curves. 

Equation (5) shows that the ratio of speed on leaving 
control to free running speed depends on the slope of 
speed tractive effort curve, the car friction and the rate 
of acceleration. Fig. 7 shows the variation of this ratio 
according to Equation (5). 

A set of curves based on different rates of acceleration 
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AVERAGE RUNNING SPEED.STOPS PER MILE 
Fic. 9—Curves ror Estimating Free RUNNING SPEEDS 


Conditions: Rate of acceleration and braking 2.0 mi. per hr. per sec. 
No coasting, no leeway, car friction constant for values given 


A—10 lb. per ton car friction, B—20, C—30, D—40 
Use: Abscissas are the values of average running speed times 
y¥ stops per mile and corresponding values of ordinate on friction curve 


divided by the ¥ stops per mile gives the free running speed necessary 
to make the average running speed 


and braking encountered in normal train operation of 
(average runnings peed) +/ stops per mile against (free 
running speed) ./ stops per mile gives a ready means 
for determining the rates of acceleration and braking 
required and the free running speed necessary with 
those rates to make a given average running speed. 
Figs. 4 and 9 show the character of such curves covering 
normal street car conditions. 


ELECTRIC LIGHT FOR LOUVRE 
GALLERIES 


The art collections in the Louvre galleries in Paris, 
which have been in semi-darkness during the winter, 
will be adequately. lighted in future by means of an 
elaborate electric lighting system which has just been 
placed in operation. The proposal to light the Louvre 
by electricity has been opposed on the ground of fire 
risk, but following the successful use of electricity in 
the National Library, which houses the most valuable 
national manuscripts, the Louvre authorities decided 
to adopt modern lighting methods. 
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General Power Applications 
ANNUAL REPORT OF COMMITTEE ON GENERAL POWER APPLICATIONS* 


To the Board of Directors: 

Only the following excerpts from the Committee’s 
Report are noted here. For the detailed report on 
these and other applications, and of further Committee 
activities, reference should be made tothe full report. 


MARINE EQUIPMENT 


At the close of the year 1927 there had been placed 
in commission, or under construction, a total of 
118 electrically-propelled vessels of various types. 
The equipment for these craft aggregated more than 
700,000 shaft hp., about 92 per cent of the primary 
power being supplied by turbines, and 8 per cent by 
Diesel engines. 

The outstanding event of the year was the completion 
and installation of turbine-electric propelling equipment 
for the Panama-Pacific Liner California, a twin-screw 
ship with a displacement of 30,250 tons at load draft. 

The propelling equipment comprises two 16-stage 
steam-turbo generators. This power is transmitted 
to the propeller shafts by means of two synchronous 
induction type motors, having a continuous maximum 
rating of 8500 shaft hp. at 120 rev. per min. These 
motors are direct-connected to the propeller shafts and 
are reversible, so that no reversing turbines are 
required. 

Diesel Electric. There have been a number of notable 
applications of Diesel-electric drive for marine work. 
One of these, in which d-c. apparatus is used, is the Coast 
Guard Cutter Northland, now serving on patrol in 
Alaskan waters. 


The main engine-room equipment consists of .two 
Diesel engine-driven generators. These supply cur- 
rent to a double-unit type, shunt-wound propeller 
motor. Each section of this motor is rated 500 hp. at 
120 rev. per min. The ship will develop aspeed of 12 
knots with her single propeller operating at 120 rev. 
per min., and the motor developing 1000 shaft hp. 


Other applications of Diesel-electric drive include 
four large double-end Diesel-electric ferry boats made 
for the Southern Pacific Company for service in San 
Francisco Bay, electrically-propelled packet boats 


COMMITTEE ON GENERAL POWER APPLICATIONS; 


A. M. MacCutcheon, Chairman, 
EK. W. Henderson, Secretary, 


D. H. Braymer, P. C. Jones, D. M. Petty, 
Cc. W. Drake, G. A. Kositzky, W. W. Price, 
J. F. Gaskill, A. C, Lanier, H. L. Smith, 
Harry L. Grant, Austin M. Lloyd, A. H. Stebbins, 
Clyde D. Gray, W. S. Maddocks, E. C. Stone, 
C. Francis Harding, N. L. Mortensen, W.H. Timbie, 
E. W. Henderson, K. A. Pauly, F. M. Weller, 
H. D. James, W.C. Yates. 


Presented at the Summer Convention of the A. I. EH. E., at Denver, 
Colo., June 25-29, 1928. Complete copies wpon request. 


running between points in and around New York 
Harbor, and cargo boats recently open to Diesel- 
electric propulsion by the U. S. Shipping Board. 


U. 8S. Navy 


A notable application is that of a 200-hp. 5000-rev. 
per min. d-c. motor on which the Navy Department 
recently completed tests. This motor is used to drive 
a three-phase blower type compressor having a capacity 
of 3200 cu. ft. and a discharge pressure of 10 1b. Special 
precautions had to be taken to balance this armature, 
the peripheral speed of which is approximately 20,000 
ft. per min. The bearings are flood-lubricated, the 
oil being supplied by a separate motor-driven pump. 
The method of cooling is novel, the cooling air being 
that which is drawn through the motor into the first 
stage of the compressor. 


ELECTRIC RAILWAYS 

Oil-Electric Locomotives. Two 100-ton units are 
now in heavy switching service on the Erie Railroad, 
and 60-ton units were completed for the Chicago & 
Northwestern Railway, the Union Carbide Co. and the 
American Rolling Mills Company. Work is also pro- 
ceeding on oil-electric freight and passenger locomotives 
for the Putnam Division of the New York Central 
Railroad, and a 300-hp. oil-electric motor car is ready 
for service. 

Gas-Electric Motor Cars. One of the large automo- 
tive truck manufacturing concerns has announced the 
completion of car units, consisting of gasoline engines 
and electric generators, to be used with an electric 
drive to furnish power for virtually any kind of trans- 
portation. 

Special Type Locomotives. A new combination 
trolley and storage battery type of locomotive has 
been placed in service by the Chicago, North Shore 
and Milwaukee R. R. These locomotives may be 
used either on the trolley system, or on tracks not now 
equipped with trolleys. D-c. control is provided for 
either trolley or battery, and transfer from trolley to 
battery power is automatic. 

Automatic Substations for Railway Signaling Power 
Supply. The continuous inductive type of automatic 
train control provides a new field for the application of 
small frequency-changing motor-generator sets and 
automatic control for starting the sets and for connect- 
ing the generators to the load in the shortest time 
possible. Power is supplied to the train control system 
at a frequency of 100 cycles in order to eliminate in- 
ductive interference from commercial circuits. 

Motor-generator sets provide the 100-cycle power 
from 25- or 60-cycle primary sources. The motor- 
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generator sets range in size from 1.5 kv-a. to 60 kv-a. 
The rating depends primarily upon whether the power 
is to be used for both automatic train control and auto- 
matic block signaling, or only for the former. 


MINING INDUSTRY 


A new type “sealed equipment” cable-reel gathering 
locomotive has been provided for mine application and 
is provided with two 30-hp. motors, contactor control 
of the progressive series parallel type, and a motor- 
driven cable reel. The traction motors, the cable-reel 
motor, cable-reel collector rings, control, headlights, 
and all parts of the equipment with the exception of 
the trolley pole and the reel cable are completely en- 
closed in strong cases which are designed to prevent 
any gas explosions occurring within these cases being 
transmitted to the surrounding atmosphere. 

Quarry Locomotive Cars. An interesting system of 
remote control for locomotive cars operating on quarry 
tracks was developed. With this system, a single 
operator is able to start, stop, and even switch cars 
on different tracks. Electrical equipment of the cars 
consists of high-torque squirrel-cage motors provided 
with solenoid brakes and controlled through a pair of 
reversing contactors which throw the motors on the 
line at full voltage. 


Largest Hoist Motor in Western Hemisphere. One of 
the large electrical manufacturing companies is building 
for the Frood Mines of the International Nickel Com- 
pany of Canada, a 3200-hp. 79-rev. per min. d-c. 
hoist motor. On both the horsepower and torque 
rating, this motor is larger than any single mine hoist 
motor yet installed or selected for mine hoist applica- 
tions in this hemisphere. 

This equipment will employ the variable-voltage d-c. 
system of speed control. 

Improved Equipment for Gaseous Mines. In order 
to prevent a gas explosion communicating with the 
coal dust, the latter is covered with rock dust which 
is distributed to the walls, roof, and bottom of the mine 
under air pressure. A machine is used for this purpose. 
The rock dust is contained in the hopper at one end 
of the machine and is distributed by the motor-driven 
blower. 

The electrical equipment is especially designed for 
use in gaseous mines and has been approved by the 
Bureau of Mines for this application. It consists of a 
20-hp. permissible type motor and control. 

The Largest Mine Locomotive. The largest single- 
unit underground mine locomotive was exhibited at the 
American Mining Congress Convention in May. This 
locomotive weighs 38 tons and has the following limiting 
dimensions: Gage 35 in., height 46 in., width 641% in., 
over-all length 24 ft. The locomotive is equipped 
with three 133-hp., 500-volt motors, or a total of 399 hp. 
per locomotive. The motors are arranged for forced 
ventilation from a separate blower motor. The control 
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is of the semi-magnetic type, series-parallel with over- 
load relay and no-voltage protection. 


GLASS INDUSTRY 


The excessive demand of thin plate glass of the non- 
shattering type, and for ordinary thin plate, such as 
used in the auto and allied industries, has caused a 
general building and rebuilding program for this type 
of glass manufacturing. 

The use of electrically-driven mechanisms at practi- 
cally every step has created a great and growing demand 
for motors, controllers, and general equipment to 
improve the methods of manufacture of thin plate glass. 


ELECTRICAL REFRIGERATION 


The enormous growth of motor application in the 
field of electrical refrigeration is indicated by the fact 
that ten years ago this industry produced about 1200 
units a year, whereas the year 1927 produced 1,500,000 
units. 

An interesting application in this field is the use of 
single-phase motors mounted in rubber. The base of 
the mounting has vertical supports going up through 
the ventilating holes in the bottom of the end-flanges 
of the motor and offset around the shaft so that the 
top of the support is directly over the shaft and some 
distance above it. There are two holes in each support, 
one above and one below the shaft, with rubber bushings 
in these holes. Two pins extending inward from the 
end-flange engage these rubber bushed holes and sup- 
port the motor. The motor is thus supported entirely 
from these pins in the end-flange and there are no metal- 
to-metal contacts between the motor and its mounting. 

In this field also, it is interesting to note the applica- 
tion of what is essentially a two-phase motor from a 
single-phase line, one phase of the motor being con- 
nected directly across the source of supply and the other 
phase connected in parallel with the first phase through 
a capacitor. . Due to the fact that it has no commutator 
or brushes, it is extremely quiet, and causes no radio 
interference. The motor operates as a polyphase 
motor and eliminates the characteristic hum of a true 
single-phase motor. 


PAPER MILL INDUSTRY 


A new application to the manufacture of paper is 
that of an adjustable speed motor to a paper winder. 
This drive consists of a direct-connected variable-speed 
motor and the necessary control equipment. The 
motor is designed to give a speed range of 4 to 1 by 
voltage control, and to give a crawling speed of threading 
the paper by means of armature resistance. This 
particular drive was supplied at the mill of the Fraser 
Co., Ltd., at Madawaska, Maine. 


ELECTRIC FURNACES 


The brass industry as a whole uses comparatively 
small melting units, 75- to 200-kv-a., all single-phase. 
There appears to be less objection than formerly on the 


S90 


part of public utility systems to single-phase loads of 
this character, and units as large as 300-kv-a. have been 
installed. 

In the steel industry, the use of the three-phase are 
furnace of the three-electrode type followed the 
standard practise of the last two or three years, and 
“electric steel’ has now become a trade mark to indicate 
a superior quality of steel. 


STEEL MILL INDUSTRY 

Automatic Steel Mill. A great improvement in the 
rolling of steel was inaugurated during 1927 making it 
possible to roll the H-shaped beam so desirable for 
columns in buildings. The improvement consists in 
using sets of rolls to simultaneously roll the flanges and 
web of the beam. The adjustments of all of the rolls 
are made automatically at the same time. Impor- 
tant new features were also developed for the motor 
driving these rolls. 

Automatic control is provided, permitting a single 
operator to control the operation of the two motors, 
the three screw-down motors, and the several table 
conveyor and transfer motors. By means of a plug-in 
board, the ratio of the speeds of the two reversing roll 
motors is predetermined and selected for each pass, 
and the screw-down setting of each set of rolls is selected 
for each pass. During operation, the attendant 
advances a multi-point master switch one position after 
each pass, and the control functions automatically to 
adjust the ratio of roll motor speeds and to set each of 
the sets of rolls, ready for the next pass. 

Mill for Wide Flanged Beams. Another large equip- 
ment of unusual interest was placed in operation at the 
Lackawanna Plant of the Bethlehem Steel Company. 
The mill to which the motors were applied is used to 
produce wide flange beams. It consists of three units; 
a 54-in. reversing blooming mill, a 48-in. intermediate 
mill, and a 48-in. finishing mill. 

Another noteworthy application at the Lackawanna 
Plant of the Bethlehem Steel Company is the change 
of the layout of the rail mill which is now being made. 
The 44-in, reversing blooming mill will have a driving 
motor rated at 7000 hp. continuously, with a 50-deg. 
rise and at 50/120 rev. per min. 

Use of Synchronous Motors in Steel Mills. The in- 
crease in the use of synchronous motors for main roll 
drives in the past year is noteworthy. The new appli- 
cations for the year include a 5000-hp. 40-deg. 1000- 
rev. per min. 2200-volt motor used to drive a 19-in. 
continuous sheet bar mill at the Kokomo Plant 
of the Continental Steel Corp., Indiana. A motor of 
the same horsepower rating, but at 240rev. per min., will 
be used to drive a 51-in. piercing mill installed by the 
Standard Seamless Tube Company, of Economy, Pa. 
Other motors are applied to copper and brass rolling 
mills. 

Motor Rollers. The first applications of rollers of the 
type, in which the driving motor is inside the roller 
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and made integral with it, were made in the past year: 
These applications include motor rollers on four differ- 
ent parts of a continuous sheet mill at the plant of the 
American Sheet & Tin Plate Company, Gary, Indiana. 
These rollers are of different capacities and speeds, 
and vary from 5 to 35 cycles per sec. 

Another application of these rollers is that at the 
Lorain Plant of the National Tube Company. Appli- 
cations here include motor rollers on a runout table for 
conveying the rounds from the furnace to the piercing 
mill. Others are used to feed the pipes to and from the 
threading machines, (this installation being entirely 
automatic), and still others, for conveying the tubes 
through the oiling machines. All of the rollers for the 
National Tube Company are made of a special form to 
accomodate the round stock. 


OIL INDUSTRY 

A very good résumé of the operation of an electrically- 
operated oil field is given in the Electrical World under 
date of February 4, 1928. 

Application of Electricity to Pipe Line Pumping. 
Recently electric power has been used for pumping oil 
through pipe lines to replace the slow-speed plunger 
pumps driven by steam engines or occasionally a Diesel 
engine, on account of their very high first cost. 

In the summer of 1927, the Illinois Pipe Line Com- 
pany put in booster stations using motor-driven cen- 
trifugal pumps at intermediate points between the 
steam stations. One pump only is required to operate 
in each station, a second unit acting as a stand by. 
Magnetic pushbutton starters of the auto-transformer 
types are used throughout, with pressure gages 
arranged to shut down the motors in case of low or 
excess pressures. 


ELECTRICAL WELDING 


There was a marked advance in the application of 
electrical welding during the past year, both for the 
fabrication of electrical machines of all sizes and for the 
fabrication of structural beams and pieces necessary 
in the building industry. 

The use of welded frames is rapidly becoming uni- 
versal because of the great saving in weight which can 
be accomplished by this method. 

First Arc-Welded Railway Bridge. The first arc- 
welded bridge of the through-girder type spans 
Thompson’s Run, having a span of 53 ft. 9 in., although 
the bridge is 62 ft. 4 in, over all in length. There are 
20 tons of steel in the structure and the main side 
girders each contain approximately 6 tons of steel. 

The first arc-welded railroad bridge of the through- 
truss type was completed before it was moved into 
position on the abuttments across the canal at Westing- . 
house Electric & Mfg. Company’s Chicopee Falls 
Plant. (Mass.) 

Owing to the layout of the railroad facilities, the 
bridge is required to cross the canal at an acute angle. 
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The trusses are approximately 135 ft. long and the over- 
all length of the bridge is approximately 175 ft. 

The outstanding feature of interest in the design of 
the bridge is the fact that the welded design requires 80 
tons of steel, whereas the riveted design, prepared by 
the railroad engineers, required 120 tons of steel. Also, 
the connecting material in the case of the welded bridge 
runs less than 5 per cent of the weight of the structure, 
whereas in the case of the riveted design, the weight 
of the connecting material is almost 30 per cent of the 
' weight of the total structure. 

Atomic-Hydrogen Arc Welding. Development work 
on atomic-hydrogen are welding was completed, and a 
commercial equipment has been produced for use on 
60-cycle circuits. 

With this method of are welding, an alternating cur- 
rent is maintained between adjustable tungsten wire 
electrodes, and hydrogen is fed to the are around the 
electrodes. The hydrogen molecules are broken up 
into atoms by the intense heat and in recombining 
outside of the are and in contact with the work, heat is 
liberated far in excess of that obtainable by any gas 
flame alone. This heat is used to fuse the metals to be 
joined and where additional metal is required, a filler 
rod may be fused into the work. The arc, constantly 
maintained but broadly adjustable in size and in 
intensity, lends itself to a wide range of work. 

Magnetically-Controlled Arc Welding. It is claimed 
by one manufacturer that the superimposing of a strong 
magnetic field on the are flame permits the are to 
travel through variable magnetic fields without dis- 
turbance, and that welds made by this new process are 
more uniform in structure and ductility than those of 
ordinary are welding. 


CONTROL 


Generally, the evolution of dependable, definite 
timing devices has limited the use of current limit and 
counter e.m.f. schemes of control. The general run 
of magnetic control is now of the definite time accelerat- 
ing type. 

The year 1927 saw a great deal of development and 
improvement in thermal overload relays for motor 
protection and protection for other machinery. The 
developments during the year are also noteworthy with 
respect to improvements in magnetic switches. Much 
has been learned with respect to the characteristics of 
different metals used as contact breaking and carrying 
points, also with respect to the advantages of multiple 
break per pole. 

Automatic Pump Control. The use of a sequence 
drum has made an improvement in automatic pump 
control. This sequence drum provides the automatic 
control to start the pump at high-water level, stop the 
pump at low-water level, and go through the priming 
process in starting. It repeats the priming cycle three 
times if necessary to prime the pump. The sequence 
drum is motor-operated. 
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High-Pressure Valves. In connection with the motor 
operation of large valves in steam power plants and in 
the chemical industry, the trend is toward extremely 
high pressures, up to 8000 lb. per sq. in., and relatively 
high temperatures. This has imposed unusual require- 
ments as to the positive and accurate seating of the 
valves. The standard motor control, with a mechanical 
limit set for an accurate number of turns of the yoke 
nut, under certain conditions, would not close the valve 
tight, or, under other conditions, it might seat the valve 
before this mechanical limit was reached and thus 
damage the valve seat. 

To meet these conditions, a torque-limit valve control 
has been developed. This control assures the seating 
of the valve at a definite predetermined seating pres- 
sure, or a fixed torque of the motor. 

To obtain satisfactory results on high-speed presses 
driven by a-c. slip-ring motors, a special control equip- 
ment has been developed. A torque relay is used in 
connection with the equipment, which controls the 
torque of the press through a torque switch during the 
transition period. As the main motor accelerates, this 
torque relay controls the main motor and interrupts 
the acceleration when a certain speed and torque is 
reached. If, during the transition period, the speed 
falls below a certain point, this torque relay will again 
close the torque switch, tending to accelerate. The 
controller is operated from a push button station. 

Paper Machine Drives. A control system has been 
developed for giving remote control of the paper speed 
on sectional paper drives. 

The voltage regulator and the motor-operated rheo- 
stat is controlled by a push-button located at the machine 
floor and the speed changes are accomplished without 
the attendance of an operator at the switch control. 

Furnace Top Control. A variable-cycle furnace top 
controller, for use in connection with the McKee 
revolving top, has been developed. 

Holland Tunnel Supervisory Control. The control 
equipment for the ventilation and operation of the 
Holland Tunnel connecting New York City with New 
Jersey has been designed to be handled by one man. 
The supervisory operator knows and sees exactly how 
every piece of apparatus composing this gigantic net- 
work is performing. He can tell whether the incoming 
line breaker is still feeding the equipment, or whether it 
has tripped out automatically; whether or not the 
designated fans are running properly at the selected 
speed; whether the percentage of poisonous gas is 
dangerous in any section of the tunnel; if a fire alarm 
has been sent in, and what section is affected. The 
level of the water in the various sump chambers can 
also be determined by certain lamp indications. Should 
any change be made in the position of any particular 
apparatus, due to some fault or failure, a bell alarm 
will be sounded and a bright light will indicate the 
location and character of the trouble. 
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MISCELLANEOUS APPLICATIONS 

Brick and Clay Industry. In one of the large Hudson 
River soft mud plants, a complete electrified installa- 
tion is being built. 

Ceramic Industry. 
nized as an_ ideal 
manufacturers. 

Textile Industry. Electric heating was adopted for 
the first time to the cloth singeing machines which are 
used in the finishing rooms of textile mills. The singe- 
ing was previously done by gas or oil heat. 

Lighting. The application of an electric flashing 
system and a lantern of new design displaced kerosene 
buoy lights on the New York Barge Canal. 

Artificial light has been further used in the horti- 
cultural field. 

There has been a large increase in the application of 
lighting of special kind in the medical field where 
cures can be effected by the equivalent of sun rays. 

Also in the medical field should be mentioned the 
application of cathode rays and their effects in the 
production of vitamines in yeast and other foods. This 


Electrical energy is now recog- 
fuel, particularly for ceramic 
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research has been aided by the development in 1927 
of cathode ray tubes for operating potentials of 900,000 
volts. In 1926 the maximum operating potential was 
400,000 volts. The higher potential has increased the 
velocity and range of the cathode ray discharge. 

Under lighting should be mentioned the enormous 
increase in applications of neon tubes for commercial 
advertising. Also the development of a new type 
quartz neon gas-filled lamp which resembles a ball of 
reddish orange fire and has great fog-penetrating 
possibilities. 

A unique application of lighting is toward the elimi- 
nation of certain moths and insects. 

Individual Wire Blocks. The application of indi- 
vidual d-c. drive for wire blocks has rapidly increased. 
Between 250 and 400 blocks have now been installed 
in such a drive. 

Tandem Drive for Strip Mill. Several continuous 
strip mills have been installed in the last year with 
individual motor drive in each of the mills where the 
material is in several mills at the same time but without 
any loops in the steel. This can be accomplished by 
d-c. motors. 
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Sphere-Gap and Point-Gap Arc-Over Voltage 
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Synopsis.—This is a report of some of the work done at the 
Ryan High-Voltage Laboratory, Stanford University, during the 
school year of 1927-28. A new method of measuring high voltages, 
in which the current through a water resistor 1s recorded on an oscil- 
lograph, is described. Over a million volts to ground were measured 
with an accuracy believed to be better than 2 per cent. 

A calibration of the meter sphere-gap was determined for voltages 
wp to 1100 kv. and the arc-over voltages for point-gaps were deter- 
mined for distances up to 30 ft. Point-to-plane arc-over voltages 
also were measured. 

Included in the report are some tests made in connection with the 


and 
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shielding of the water resistor determining to what extent capacity 
currents were causing error. 

Sphere-gaps were used also in connection with the determination 
of the arc-over voltages of the point-gaps, to determine whether there 
was any high frequency set wp by the heavy corona streamers from 
the point that could not be recorded by the oscillograph. 

The procedure of taking an oscillogram of the corona current 
from a pointed electrode a million volts above ground is described. 

The practicability of he use of the meter sphere-gap for voltage 


measurement is discussed. 
ick) ankh = Ti eee 


INTRODUCTION 


T the time of this investigation, the methods of 
direct-voltage measurement were limited to the 
sphere-gap, point-gap, dividing condenser as 

used with electrometer or cathode ray tube, and 
direct measurement of the current flow in a condenser 
of known capacity.’ The calibration of the 100-cem. 
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sphere-gap was for the most part theoretical, based on 
electrostatics and values determined on spheres of a 
lesser diameter.* The values of arc-over voltage for 
point-gap for voltages in excess of 900 kv. was a matter 
of extrapolation of sphere-gap comparison. It was 
known by those familiar with the use of these gaps that 
their action was not positively established. The object 
of this investigation was thus to establish the calibra- 
tion for the meter sphere-gap and point-gap for 
the higher voltages, based upon values obtained by 
direct measurement within a limit of error of 2 per 
cent. 


4. KF. W. Peek, 
Book Co. 
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METHOD OF VOLTAGE MEASUREMENT 


The method used here was the measurement of the 
current through a known resistance. The ordinary 
oscillograph was used as the current measuring device. 
This made possible not only the determination of the 
magnitude but also the wave form of the voltage. The 
20-megohm resistor consisted of a glass tube, filled with 
distilled water. This tube was 16 ft. long and 0.4 in. 
inside diameter. The voltage was raised to arc-over 
in approximately one second by closing in the field 
switch of the generator. Due to the high specific heat 
of the water, the rise in temperature was not over 10 
deg. cent. This caused a change in resistance of about 
15 per cent. 

Operations Necessary for Voltage Measurement. The 
procedure for the measurement of arc-over voltage may 
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be followed from Fig. 1. First the generator oil switch 
and main generator field switch are closed in. The 
cam-operated contactor then closes contact A closing 
the magnetic switch and short-circuiting out all of the 
external resistance in the generator field. The voltage 
of the set is thus built up with the increase in generator 
field current and after approximately one second, the 
oscillograph shutter is opened by the closing of contact B. 
Just before this takes place, however, the closing of 
contact C boosts the voltage on the incandescent light 
used in the oscillograph. The voltage of the generator 
exciter is set by trial so that arc-over occurs sometime 
within 10 cycles after the shutter is opened. A quick- 
acting relay R closes the shutter in less than two cycles 
after arc-over. The generator oil switch is opened in 
six cycles by the action of the overload relays. 

Resistance Measurement. The resistance of the 
column can be determined by means of a galvanometer 
and a 1000-volt direct current within 20 seconds after 
are-over. The slight radiation occurring in this time 
is negligible. 
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Method of Oscillograph Calibration. The oscillograph 
element is calibrated by recording on the same film on 
which the record is taken a current from the sine wave 
generator having approximately the same crest as the 
current through the water resistor. The effective 
value of this current is read on a milliammeter. Fig. 2 
shows a half section of film. Each record contains two 
waves; one is the current through the water resistor 
and the other is the voltage as given by the voltmeter 
coil of the grounded transformer. The amplitude of 
the cycle preceding arc-over is the value used in the 
determination of the arc-over voltage. The ratio of 
the amplitude of the record to the amplitude of the 
calibrating wave multiplied by the effective value of 
the sine wave current used in calibration is the effective 
value of a sine wave current having the same crest as 
the current through the water resistor. This current 
value multipled by the resistance of the water resistor 
is the total effective (sine wave equivalent) voltage 
computed from crest values. 


TESTS AND DETERMINATIONS 

During tests at the Ryan High-Voltage Laboratory, 
it had been observed that at the time of arc-over of a 
20-ft. gap between points, the voltmeter coil in the 
ground unit of the chain-connected set of six trans- 
formers indicated an effective value of terminal voltage 
33 per cent less than that which was expected for the 
gap breakdown, based upon the assumption of 10 kv. per 
inch. It has previously been assumed in the explanation 


: Colibration 


Record y 
Peas 


Fig. 2—TyricaL OscILLoGram As OBTAINED FOR VOLTAGE 
DETERMINATION 


for the low voltmeter coil value for arc-over voltage 
that the heavy corona streamers accompanying the 
breakdown of the gap caused high frequency or surges 
to be superimposed on the 60-cycle voltage. However, 
the oscillograms showed that the arc-over of the 20-ft. 
gap was purely a 60-cycle breakdown, and that the 
crest value of the voltmeter coil value of terminal 
voltage was but slightly different from that as deter- 
mined by the water resistor and oscillograph connected 
to the high-voltage terminal. 

As may be seen from Fig. 3, the wave form of the 
voltmeter coil voltage is practically identical with that 
of the current through the water resistor, which is 
connected to the terminal of the transformer set. 

Test for High Frequency. After-some of the are- 
over voltages had been determined by the above 
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methods, it was decided to use sphere-gaps as a check, 
lest there should be some high-frequency voltage that 
could not be recorded by the vibrator element of the 
oscillograph. The spheres available were two 100-cm. 
spheres and two 50-cm. spheres. Two gaps were made 
up, one for each side of the transformer set. 

The 50-cm. spheres were mounted so that their 


Fre. 3—OscrttoGram SHowinea Wave Form or TRANSFORMER 
Set at 1,000,000 Vortts Tro GrounD 


A—Current through water resistor connected to high-voltage terminal 
B—Voltage wave from voltmeter coil of grounded transformer 


centers were about 4 ft. from the concrete floor. Above 
these the 100-cm. spheres were suspended from the 
roof trusses by strings of 30insulator units each (Fig. 4). 
This is not a standard sphere-gap set-up. However, 
the smallness of the lower sphere is partially offset by 
the proximity of the 50-cm. sphere to ground. 

For each gap-setting, the spheres were adjusted so 
that the arc-overs were about equally divided between 
the point-gap and the sphere-gaps. The voltage 
was then determined by means of the water resistor 
. and oscillograph. The following table shows the re- 
sults for three gap-settings. 


Arc-over voltage* 


Voltages for 
corresponding 


Separation Separation Point-gap separation of 
of points of spheres (ky.-to-gd) Sphere-gap |100-cm. spheres 
16 ft. OCI 854 kv. 861 kv. 880 ky. 
20 ft. 83.5 cm. 942 kv. 945 ky. 946 kv. 
22 ft. 102.5 cm. 982 kv. 988 kv. 1020 kv. 


*EKach yoltage value is the average of three observations. 


The results as given in the above table would indicate 
that the oscillograph was recording correctly the voltage 
that was impressed on the respective gaps. 

When the two sets of sphere-gaps were being used 
with the 22-ft. point-gap, a very interesting thing was 
observed. During a preliminary test, one of the 50-cem. 
spheres and its mounting were removed, leaving an 
8-ft. clearance from the 100-cm. sphere-to-ground. 
With the other sphere-gap set at 100 cm., the voltage 
was raised, and the 100-cm. sphere arced the 8 ft. to 
ground. This distance was more than twice that be- 
tween the other spheres. The voltage was applied a 
number of times with the same result. The 50-cm. 


sphere that had been taken out was replaced and the 


gap adjusted for 110 cm. The voltage was then 
applied, and the 100-cm. gap arced over. This per- 
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formance was repeated for the sphere-gap on the other 
side of the set with a similar result. 

Shielding of the Water Resistor. The water resistor 
was partially shielded by a 8-ft. horizontal circular disk 
at the top. (See Fig. 4) For voltage measurements 
the shielding need not be nearly as perfect as for 
wattmeter work.’ The effectiveness of the shielding 
was checked by taking simultaneous oscillograms at 
the top and at the bottom of the water resistor. The 
oscillograph at the top was a small two-element oscillo- 
graph, operated with a small motor. They were 
enclosed in a wire screen cage which shielded them from 
corona effects and external electrostatic fields. The 
oscillograph was operated by linen threads controlled 


by relays. The results of this test were as follows: 
Record Current at top Current at bottom Percentage of 
No. of resistor of resistor difference 
1 52.7 milliamperes 51.7 milliamperes 1.9 per cent 
2 49.1 milliamperes 48.2 milliamperes 1.8 per cent 


Another test that was made on the shielding was in 
connection with the use of the sphere-gap of 100-cm. 
spheres. 
voltage was measured with a water column resistance 
of 30 megohms and also with 10 megohms. Since there 
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was nothing changed except the resistance of the water 
resistor, the capacitance current due to improper 
shielding remained practically constant. If this charg- 
ing current were appreciable, the voltage as measured 
with the 10-megohm resistor would be noticeably 
different from that measured with the 30-megohm 
resistor. The average of 10 records in each case gave 
994 kv. when the 30-megohm resistor was used and 
1004 kv. when the 10-megohm resistor was used. Again 

5. Some Features and Improvements on the High-Voltage 


Waitmeter, J. S. Carroll, A. I. E. E. Trans., Vol. XLIV, 1925 
p. 1010. 


With the gap set at 100-cm., the arc-over © 
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this shows that the resistor was shielded sufficiently 
for voltage measurements. 


DISCUSSION OF RESULTS 


Point-Gap. Fig. 5 shows the arc-over voltage 
between two points for distances from 8 to 30 ft. 
for the neutral grounded condition. The height of 
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the gap from the floor was approximately 30 ft. The 
plotted points are averages of from 5 to 20 observations. 

Fig. 5 also shows arc-over voltages for a point-to- 
plane for distances up to 15 ft. 

Fig. 6 shows the effect of ground on the arc-over 
voltage of a vertical point-gap 9 ft. in length, as the 
distance from the lower point-to-ground is changed. 
Each observation is plotted separately. The apparent 
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dropping of the curve as the gap is raised from the 
ground plane in excess of 15 ft. is due to the lower or 
ground point nearing the high-voltage connections. 
100-Cm. Spheres. Due to some inherent surface 
property which is as yet undetermined, the action of 
the 100-cm. aluminum spheres is rendered rather 
erratic where the separation between the spheres is in 
excess of 75 per cent of their diameter, and for smaller 
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separations this erratic action may come in to a less 
degree. A typical set of readings is given in the follow- 
ing table for values of the Hendricks voltmeter coil 
voltage for 50 successive arc-overs of the 100-cm. 
spheres spaced 100 cm. These were the first values 
following cleaning and polishing of the spheres and are 
characteristic of many similar sets obtained during these 
tests. 


jen Wiolt= Volt- Volt- 
Arc-over meter Arc-over meter Arc-over meter 
No. reading No. reading No. reading 
1 19 18 35 30.6 
2 19 19 36 30.6 
3 24 20 37 29.5 
4 24 2k 38 27 
3) 24 22 39 28 
6 24.5 23 40 
of 2425 24 41 
8 24.5 25 ; 42 
9 26 26 30 43 
10 24 27 28 44 
11 26 28 27 45 29.5 
12 25 29 30.6 46 30.7 
13 26 30 29.6 47 30.8 
14 26 31 30 48 31 
15 24 32 29 49 31 
16 27 33 31 50 31 
17 27 34 30.6 
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Fig. 8—Corona CURRENT FROM A POINT 


The irregular wave is the oscillogram of the corona current, from a 
point 1,040,000 volts effective to ground 

The crest value of the current at (@) is 28 milliamperes 

The smooth wave is the current through the water resistor 

The Crest value of the voltage at (b) is 1,470,000 volts 


‘From the above values it can readily be seen that at 
least 50 applications of voltage were necessary to get 
the spheres in condition, which fact in itself is no 
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small item when it comes to wear and tear on high- 
voltage transformer test sets. Such a conditioning 
was found to be necessary to a greater or less degree if 
the spheres remained unused for more than from 6 to 8 
hours. ‘This condition makes the voltage as determined 
by the sphere-gap somewhat uncertain unless par- 
ticular precaution is taken to condition the spheres. 
It can be said that the arc-over voltage for a given 
sphere-gap setting will not exceed a definitive value, 
but the arc-over voltage may be as low as 50 per cent 
of this value. 

The use of the sphere-gap for determining insulator 
flashover voltage has many disadvantages. A sphere- 
gap cannot be used to measure the exact voltage at 
which an insulator string will are over. 

Fig. 7 shows the calibration curve of the meter sphere- 
gap that was determined by the water-resistor-oscillo- 
graphic method of voltage measurement. The values 
plotted are averages of the records taken. The maxi- 
mum values obtained agree in all cases with the theo- 
retical values of Mr. Peek. In all cases where records 
were taken the arc-over current of the gap was less 
than two amperes, and the duration of the arc was 
limited to six cycles. This value of current and dura- 
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tion of are caused no noticeable pitting of the meter 
aluminum spheres. These spheres were arced over 
more than 1000 times during the tests reported in this 


paper. 
CORONA CURRENT FROM A POINT 


The total current through the 500,000-ohm protective 
resistance was measured by means of a shielded two- 
element oscillograph and found to have a crest value 
of 154 milliamperes when the point was at a potential 
of 1,000,000 volts to ground. 

While this set-up was in place, it was decided to 
obtain a record of the corona current from one of the 
points of the point-gap a few cycles before the arc- 
over of a 24-ft. gap. (See Fig. 8.) The lead from the 
oscillograph element was completely shielded up to the 
point. This arrangement eliminated all charging 
current and permitted the measurement of only the 
corona streamers from the point. The apparent 
difference in phase angle of this current and voltage 
wave is due, no doubt, to a space charge effect. 


tess” 


The oscillograph element was protected from the - 


are-over current by a low-voltage gap shunted across 
the element and the 10,000 ohms in series with it. 


Abridgment of 
High-Speed Circuit Breakers for Railway 


Electrification 


From the Design Point of View 
BY H. M. WILCOX: 


Member, A. I, E. E. 


ROM the switching service point of view, circuit 
K breakers as a whole may be divided roughly into 

general classifications dependent upon the time 
required to isolate portions of the circuit under con- 
ditions of fault or to clear the circuit under any pre- 
determined condition. Of these, the conventional 
normal-speed breaker constitutes by far the largest 
class in general use. 

For d-c. switching service, this class is generally 
of the carbon-break type often applied in machine 
circuits with relatively high normal current’ loads 
requiring breakers of large current-carrying capacity 
with heavy moving elements. These breakers may be 
expected to interrupt a short circuit in from 0.07 to 
0.10 sec. from the start of rise of short-circuit 
current although they are often used with a time-delay 
element intentionally placed in the control circuit to 
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increase this time up to a full second or more. Where 
quicker action is desirable, particularly with breakers 
of lower current-carrying capacity, the contacts may 
be made trip-free from the closing mechanism and with 
a sensitive overload tripping device, the time may be 
reduced to from 0.04 to 0.06 sec. The general 
form of the breaker, however, is not materially different 
in these two time-classifications. 


For a-c. switching service, the normal-speed oil 
circuit breaker is used over practically the entire range 
of service voltages. When actuated by a normal-speed 
relay, this breaker requires from 0.10 to 0.25 sec. 
after the occurrence of a fault to trip the breaker and 
interrupt the circuit. As in the case of the d-c. breaker, 
however, it is often used with a time-delay element in 
the control circuit, extending the total time up to as 
much as three or four seconds. Various forms of high- 
speed contacts are used for applications in which it is 
desired to reduce the period of arcing without neces- 
sarily diminishing the time between the occurrence of a 
fault and the final interruption of the circuit. Where 
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this latter feature becomes desirable, high-speed relay- 
ing is resorted to with heavier accelerating springs in 
the breaker mechanism. In all of these forms, however, 
the breaker structures differ only in details and they 
may all be included in the same general classification. 

During the last few years, therapid advance in railway 
electrification work, particularly in the application of 
automatic features, has resulted in the development 
of a new class of breakers for this service known as high- 
speed circuit breakers. Developed largely for special 
protective purposes, these breakers perform a somewhat 
different function from that of breakers in other service for 
both of the two great classes of railway applications,— 
d-c. and a-c. electrification projects. In time classi- 
fication, to interrupt a d-c. circuit, high-speed breakers 
should function in 0.02 seconds or less after the occur- 
rence of a fault, and one cycle or less for a 25-cycle a-c. 
circuit. 

In d-c. railway service, the synchronous converter 
operating at from 600 to 1500 volts occupied a com- 
manding position as a medium for converting alternat- 
ing current from the secondaries of transformers into 
direct current supplying feeder circuits for trolley or 
third rail service. This machine lends itself readily to 
automatic control without the necessity of an attendant, 
but it is susceptible to flashing with considerable conse- 
quent damage to the commutating apparatus under 
short-circuit conditions. To obviate this difficulty, the 
d-c. high-speed breaker has been developed to the point 
of interrupting a circuit before short-circuit current 
can rise to its full value, and of so limiting the destruc- 
tive period of duration of a short circuit as to preclude 
the possibility of flashing on the commutator. 

From the design point of view, to meet the require- 
ments for high-speed protection in d-e. circuits certain 
characteristics must be incorporated in this breaker. 
The operating voltage for the majority of railway 
applications is 600, with a comparatively small number 
of 1500 volts, so that a single break of from 1144 
to 11% in. will be sufficient for the contacts when used in 
conjunction with an auxiliary magnetic blowout circuit. 
With careful attention paid to design of the contacts in 
order to reduce the air-gap in the blowout magnet to a 
minimum, a blowout value of the order of 20,000 
ampere-turns at 5000 amperes will be sufficient where 
high-speed interruption is confined to current values 
of from 3000 amperes upward. For small kilowatt 
capacity machines, where high-speed action is desired 
for currents as low as 800 to 1000 amperes, blowout 
values must be materially increased to assure satis- 
factory results in operation. 

Blowout values of this order may be expected to 
remove an arc from the contact surfaces and transfer 
it to arcing horns during the first one-quarter inch of 
contact travel. Therefore all of the mechanical force 
applied to produce acceleration of the moving contact, 
on opening, should be concentrated so far as possible 
in this first one-quarter inch of travel, and no further 
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importance need be attached to the speed of contact open- 
ing beyond this point except to insure that there is suf- 
ficient contact separation at the time the arc is extin- 
guished to prevent reestablishment of the circuit. The 
problem then becomes one of acceleration rather than 
of high speed, since the accelerating force, while quite 
large, is not applied for a sufficient length of time to 
produce relatively high speeds. 

From this it will be apparent that for d-c. service 
any feature which detracts from the amount of contact 
opening during the first 0.004 second after the breaker 
is tripped will hinder the limitation of current very 
materially. For instance, an auxiliary arcing contact 
with a quarter-inch lead would result in a complete 
loss of this time and a flexible brush contact involving 
a one-eighth-inch follow-up would result in a loss of 
nearly 70 per cent of it. Consequently, where feasi- 
ble, a solid butt contact without auxiliary arcing 
tips becomes very desirable. Such a contact also 
permits working to a much higher current density, 
resulting in a very considerable reduction in the mass 
to be accelerated since there is no flexible laminated 
copper present to suffer possible deterioration under 
excess temperatures. Given a design in which the 
flexibility necessary to secure adequate contact pressure 
is supplied by a spring,—working through leverage if 
necessary,—the solid butt contact becomes entirely 
feasible for this application. 

The resulting design is, then, a solid butt contact 
which carries main current, on which the are is drawn 
as soon as mechanical separation of the contact surfaces 
is obtained, and from which the arc is transferred to 
arcing horns very early in the opening stroke by a 
powerful blowout magnet. ‘These arcing horns are an 
integral part of the are chute and care must be taken 
in the design to arrange them so as to secure the greatest 
possible increase in the length of are in the shortest 
interval of time. 

In view of the rigid requirements as to time for the 
operation of high-speed breakers in d-c. circuits, the 
delay involved in releasing a mechanical latch of the 
conventional type becomes a severe penalty when 
this device is used. An arrangement which has been 
found well adapted for retaining the d-c. high-speed 
breaker in its closed position comprises a stationary 
holding magnet and an armature linked to the operating 
levers, so arranged that upon the decay of holding flux 
due either to the interrupting of holding current or to 
demagnetization from some other source, the armature 
will release and permit the contacts to open under the 
influence of the opening springs. As the armature 
must be given a high rate of acceleration, its mass will 
be reduced as much as possible, resulting in its being 
worked well up toward the knee of the saturation curve. 

This being a protective breaker, designed to limit the 
rise of short-circuit current in the shortest possible 
interval of time after the occurrence of a fault, some 
form of tripping other than simply the consequence 
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of amperes of over-load becomes essential. An overload 
device is inherently unable to determine whether or not 
a load is to become a hazard until it has already reached 
the hazardous point, and this in the case of a short 
circuit of fast-rising current is far too late to limit that 
rise satisfactorily. A discriminating device known as 
an inductive shunt, whose action is based on the rate 
of rise of current, is best adapted to the requirements. 
The main power circuit in the vicinity of the holding 
magnet is divided into two parallel paths, one of which 
passes through the air-gap of the holding magnet 
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while the second by-passes this magnet. Under con- 
ditions of steady load or of slowly-rising load, the by- 
pass lead carries a relatively large proportion of the 
current and the air-gap lead a small proportion which, 
due to the arrangement of potentials, produces a flux 
in the holding armature opposed to that generated by 
the holding coil current. So long as steady conditions 
or slowly-rising conditions obtain, the holding coil 
predominates and the armature holds the contacts in 
the closed position. The by-pass lead is, however, so 
arranged as to be acted upon by a laminated iron 
circuit which, in the event of a rapid rate of rise in 
current, acts to force a comparatively large proportion 
of the load through the air-gap lead momentarily. 
This results in a sudden increase in the demagnetizing 
flux in the holding armature which releases it and 
allows the contacts to open due to the action of the 
opening springs. 

Fig. 4 shows the time characteristics of a high-speed 
d-c. circuit breaker over a considerable current range 
at 600 volts. For current rises of from five million 
amperes per second upward, for d-c. voltages up to 
1500, these breakers may be expected to limit the rise 
of short-circuit current in from 0.006 to 0.008 sec. 
and to interrupt the circuit completely in from 0.012 
to 0.016 sec. Tests on a 600-volt synchronous con- 
verter substation giving a current rise of the order 
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of thirteen million amperes per second show limitation 
of short-circuit current across the busses to slightly 
less than 300 per cent of normal load. For machines 
whose characteristics give a slower rate of rise such 
as d-c. generators, the time of limitation and in- 
terruption of current will be proportionately longer 
while still providing adequate protection to the com- 
mutating apparatus. Fig. 5 is an oscillographic record 
of high-speed breaker performance on heavy current 
at 600 volts. 

For a-c. railway service, the high-speed breaker 
assumes an entirely different form. The majority 
of such applications today are main-line electrification 
projects fed from-overhead contact lines at 11,000 volts, 
25 cycles, with frequent movements of heavy trains. 
On such applications, the use of high-speed breakers 
capable of limiting the duration of short-circuit current 
is of considerable advantage in lessening the shock to 
the system, in reducing the damage to contact lines and 
in minimizing the possibility of synchronous machines 
falling out of step. Furthermore, the use of high-speed 
breakers facilitates the coordination of propulsion and 
communication circuits when they are involved in an 
inductive exposure. As this propulsion service is 
almost entirely confined to a frequency of 25 cycles, 
one-cycle operation allows 0.04 sec. for the detection 
and interruption of a short circuit. 

Essentially a single-pole oil circuit breaker of the 
conventional gravity-break type, this breaker differs 
from the normal-speed oil breaker in that it carries a 
high-speed shunt-tripping device, provision for a high 
acceleration of the moving contacts, an auxiliary mag- 
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netic blowout circuit for lengthening the are rapidly, 
and is actuated by a specially-designed high-speed 
relay. Unlike the d-c. high-speed breaker, it carries no 
discriminating feature in itself but is actuated solely 
by the high-speed relay in which is incorporated all the 
characteristics necessary for such selectivity in tripping 
as may be desirable for any given application. The 
breaker carries a voltage rating of 15 kv. although all 
electrical clearances outside the interrupting chamber 
are adequate for 87-kv. service. It is designed for 
steady current loads of 1500 amperes at 25 cycles, and 
has an interrupting capacity of 50,000 amperes at 
12 kv. 
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From the design point of view, this breaker presents 
a problem somewhat different from that involved in 
the d-c. high-speed breaker. The holding magnet 
raises problems due to directional characteristics when 
applied to a-c. circuits that require considerable in the 
way of added complications to overcome. Further- 
more, this form of tripping does not carry inherently 
the degree of selectivity desirable for the majority of 
a-c. railway applications and some additional relaying 
becomes advisable when it is used. Consequently, a 
quick-acting mechanical latch released by a high-speed 
trip magnet, which, in turn, is actuated by a high-speed 
selective relay external to the breaker, becomes not 
only feasible but desirable from the point of view of 
close accurate settings for selective tripping. 

The breaker must be trip-free in order to interrupt 
the circuit at high speed in the event of being closed 
against a fault. In the conventional form of oil circuit 
breaker, in order to combine the closing and tripping 
features in a single unit to insure simultaneous action 
in all phases of a multiple-pole breaker, the trip-free 
point is normally placed at the closing mechanism. 
Present-day a-c. railway applications in this country, 
however, are practically all on a single-phase basis 
so that a single-pole breaker meets all requirements. 
The trip-free point may then be placed as close to the 
moving contact element as mechanical and electrical 
requirements will permit, provided the tripping mecha- 
nism is placed at this point also. The point best suited 
to all these conditions will be found at the upper end 
of the contact lift rod, requiring only the contact, its 
lift rod, and one lever to be accelerated on opening. 
The accelerating force may be supplied by a helical 
spring concentric with the lift rod. 

The design of the blowout magnet will vary somewhat 
depending upon the service in which the breaker may be 
applied. Where only low values of short-circuit cur- 
rent are to form a large proportion of the interrupting 
duty, a full iron return circuit may be used to work 
well below the saturation point. If heavy short circuits 
are anticipated, better results will be obtained with a 
magnet having a small section of return circuit designed 
to saturate at six to eight thousand amperes and forcing 
an air return path for the high current values. This 
is in order to eliminate the possibility of lengthening 
the are unduly fast for very high current values having 
a heavy blowout force inherent in themselves. Care 
must also be taken in the design of this magnet from 
the viewpoint of temperature rise, bearing in mind that 
it must be excited by a series a-c. coil, and adequate 
means provided for radiation of heat. In this con- 
nection it may be noted that this application in railway 
service imposes a duty on trolley feeder breakers some- 
what more severe than the standard N. E. M. A. duty 
cycle, in that they may be called upon to perform more 
than the stipulated two-O CO operations at full rated 
current, or a proportionately greater number at lesser 
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current values, before an opportunity is afforded of 
renewing the oil. Provision should then be made in the 
design for a substantially larger amount of oil in the 
interrupting chamber than is required for conventional 
breakers of the same interrupting rating, and this 
increased body of oil will be of material benefit in 
taking care of heat radiation. 

The design of mechanical latch for retaining the con- 
tacts in the closed position must receive careful attention 
in order to insure that the time of unlatching is reduced 
to a minimum. The conventional form of circuit- 
breaker latch, with right-angled holding face, involves 
inherent time delay, in that the holding face must be 
moved well over the center of the roller before the open- 
ing motion can start. With theheavy accelerating spring 
used, this form may also result in heavier loads than are 
desirable for high-speed tripping. 

Fig. 12 shows the time characteristics of a high-speed 
a-c. circuit breaker on short-circuit test, including the 
operating time of the high-speed relay and shunt trip. 
This breaker is designed to interrupt short-circuit 
currents of from 2000 amperes, upward, in 0.04 sec. 
(one cycle on a 25-cycle wave) after the occurrence of a 
fault. For current values of from 15,000 amperes, 
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upward, the breaker operates rather consistently in 
one-half cycle when the short circuit originates at or 
shortly after the zero point of the wave. In the event 
of the fault occurring relatively late in any given half- 
cycle, it will often persist through the next half-cycle 
before interruption. For current values of less than 
2000 amperes, the time of interruption will still be of 
the order of one cycle, but due to theinherently low 
blow-out values involved, as well as the necessity of 
varied relay settings to secure selectivity, the short cir- 
cuit may persist for an additional half-cycle. Tests 
made at current values of from 10,000 to 15,000 amperes 
over a voltage range of from 1500 to 12,000 volts show | 
no appreciable difference in the duration of arcing, 
indicating that within the range of service voltage in 
present-day railway applications, the time of circuit 
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interruption for a breaker of this type is independent 
of initial cireuit voltage. Fig. 18 is an oscillographic 
record of performance on short-circuit test at 11,000 
volts. 

A word as to the problems confronting the design 
engineer in attempting to apply high-speed breaker 
operation of this type to high a-c. voltage service or to 
multiple-phase circuits. It has been pointed out in 
this paper that an auxiliary blowout field is essential 
to high-speed interruption at the lower current values. 
Obviously, to be efficient, the blowout field must be so 
distributed as to supply not only an intense field at the 
point of origin of the are but also a properly graduated 
field over the whole area in which the are may exist at 
any stage of its interruption. As the service voltage 
increases, requiring the drawing of longer and longer 
arcs to rupture the circuit, these magnets must control 
ever-increasing areas, becoming in themselves more and 
more unwieldly to support in the breaker chamber with 
adequate insulation clearances. As the magnetic 
structure thus extends farther and farther downward 
into the clear break distance in the open position of the 
contacts in the effort to control the arcing area, to 
secure the necessary break distance for preventing re- 
establishment, the travel of the contacts must be in- 
creased by a safe amount, thus increasing the over-all 
height of the breaker structure and, incidentally, its 
cost. As we approach the point in service voltage at 
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which static shielding becomes necessary, these prob- 
lems become so serious as to suggest seeking some 
method of securing the desired circuit conditions other 
than by the use of high-speed breakers. 

As to application in multiple-phase circuits, it is 
obviously unsafe to permit the contacts of any single 
pole of a multiple-pole breaker to be operated inde- 
pendently of the other poles. This means that the 
tripping point must be so located as to control all of the 
linkage inside of all pole units as well as such linkage 
outside of these units as may be necessary to operate 
the several poles from a central point. This involves 
at once an increase of many times the mass to be 
accelerated at high speed and calls for a class of me- 
chanical design not hitherto used to any extent in 
switching apparatus. At the best, there must be a very 
material increase in the power of accelerating springs 
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used, and this power must again be reflected in increased 
closing loads, creating an additional problem not only 
of design but of application as well. 


In general, the conclusion may be drawn that from 
the design point of view, adequate high-speed circuit 
breakers can be supplied to meet the present-day re- 
quirements for machine protection in d-c. railway 
circuits as well as such requirements as may be foreseen 
for some time to come. 
circuit breakers can be supplied to meet the require- 
ments for protection for 25-cycle, single-phase, railway 
electrification work up to 12,000 volts. High-speed 
a-c. breakers for the next one or two steps above this 
in operating voltage for single-phase railway service 
seem within easy reach although not developed at the 
present time duty to an absence of demand for breakers 
at these voltages. A-c. breakers of this type for high- 
tension circuits, or for multiple-phase circuits at any 
voltage are not at the present time available, and 
seem to present problems requiring a substantial 
amount of development work before they may become 
available. 


OUR DEBT TO MODERN LIGHTING 


According to an editoriai in the New York Herald 
the whole modern machine for disseminating informa- 
tion depends on night time reading; that is on cheap 
light. Without light, magazines would be impossible 
because no one would have time to read them. Books 
would be scarce, expensive and little read as, in fact, 
they were when light actually was poor and dear. 
Education formerly and otherwise; a good 34 of preva- 
lent human amusements; most of such activities as 
politics and social intercourse and culture of imagina- 
tion would be impossible if light were costly and if 
man’s day began and ended with the sun. Artificial 
light, the printing press and the idea that average 
minds are worth cultivating are three legs upon which 
rests for good or ill the fabric of the present age. 
Destroy any one of them and we return to dark ages 
in more senses than one. 


Modern light, the editor continues, is a result of that 
second step of scientific research called development, a 
process in which many minds must share and which 
requires a continual stream of trained human material. 
If there were no cheap lamps for college students to 
work by there would be fewer trained engineers to 
help lamp development go forward and thus there would 
be fewer improved lamps and no improvement in college 
students and so around the circle again. Some day, 
lighting engineers tell us, we may look back on this 
age and call it dim, for it is claimed that ten or one 
hundred times more light than now might be used to 
benefit. But compared with Aristotle’s day we are 
luminous indeed.—-Transactions I. EH. S. 


Also, adequate high-speed _ 
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Synopsis.—Gaseous-conductor lamps are finding a wide field of 
application in advertising and display lighting. 

A brief discussion of the theory of the high-voltage type is 
included. 

The electrical characteristics of typical high-voltage lamps were 
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investigated by the use of indicating instruments, Duddell, and 
cathode ray oscillographs. 
Characteristic curves, data and oscillograms are given. 
Power-factor improvement was studied and data covering two 
methods of correction are included. 


INTRODUCTION 


he: field of. application of the gaseous-conductor 
lamp is expanding very rapidly. In the form of 

neon signs, which are growing in popularity, 
it probably will include soon a large percentage of the 
total electrical sign load of the more progressive 
communities. 

The investigation covered in this paper was under- 
taken in order to determine the various electrical char- 
acteristics of typical commercial neon sign lamps of 
the cold-electrode high-voltage a-c. type. Means of 
correcting the normally low lagging power factor were 
also investigated. 

There are several other types of gaseous-conductor 
lamps including the low-voltage hot cathode type, 
the negative glow type, the electrodeless induction 
type, and the television type. These are not con- 
sidered in this paper. 


THEORY OF GASEOUS-CONDUCTOR LAMPS 


The usual form of high-voltage gaseous-conductor 
lamp consists of a length of glass tubing containing gas 
at low pressure and equipped with sealed-in electrodes. 
The gas pressure is adjusted to a value that gives the 
lowest possible ionizing potential consistent with good 
tube life. Visible radiation accompanies the ionization 
by collision phenomena created when a sufficiently 
high potential difference is maintained between the 
two electrodes. 


Various colors of light are obtained by the use of 
different gases and gas mixtures in conjunction with 
different colors of tubing. Twelve or more shades and 
colors have been obtained by this means. 


A characteristic of all gaseous conductors is that the 
voltage drop between electrodes after the discharge 
has been initiated is practically independent of the 
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current flow. Consequently it is necessary when 
supplying energy to lamps using gaseous conductors 
to provide a circuit having current limiting character- 
istics, because as soon as the discharge starts, the lamp 
gas becomes in effect a conductor, the resistance of 
which is an inverse function of the current. 


POWER SUPPLY FOR GASEOUS-CONDUCTOR LAMPS 


Because of its ease of voltage transformation and 
because any space charge effect within the tube is 
obliterated each succeeding half cycle, alternating- 
current provides the most convenient power source 
for gaseous-discharge lamps, particularly of the high- 
voltage type. Since the resistance characteristic of the 
tube is an inverse function of the current flow, the high- 
voltage transformer used to supply the tube is practi- 
cally short-circuited as soon as the discharge starts. 
It is necessary, then, to employ a transformer of high 
impedance to limit the current flow. This impedance 
must be principally reactance, since if resistance were 
used, an excessive amount of power loss would be 
incurred. 

When lighted to approximately the brilliancy em- 
ployed in the usual neon sign, a 15-mm. neon tube about 
11-ft. long requires an input of approximately 50 watts. 
This power is consumed very largely at the electrodes, 
(due to space charge effect and electron extraction from 
the electrodes). A tube of half the above length lighted 
to the same unit brilliancy would require much more 
than one-half of 50 watts. 


EXPERIMENTAL INVESTIGATION 


Electrical Characteristics. Several specimens of neon 
and neon-mercury tubing, such as used in commercial 
neon signs, and several neon transformers of the type 
commonly used for sign lighting, were obtained for test. 
The tubes were each 142 in. in length and 
0.59 in. in diameter. The transformers were rated at 
430 volt-amperes 110/12,000-14,000 volts. 


For simplicity in designation throughout the tabu- 
lated data and on the curves, and hereafter in this paper, 
the neon gas filled lamps have been designated as 
“‘Neon”’ and the lamps filled with a mixture of neon, 
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argon, and mercury have been designated as ““Mercury.”’ 

The curves of Figs. 1 and 2 give the characteristics 
of series combinations of two neon tubes, two mercury 
tubes, and one neon and one mercury tube. Two 
sections of tubing involve the use of four electrodes in 
series and constitute an average practical condition. 
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Fic. 1—VouraGe-PowER CHARACTERISTICS FOR Two 


TUBES IN SERIES 


1. Two mercury tubes in series 
2. One mercury and one neon tube in series 
3. Twoneon tubes in series 


The power factor at normal voltage (110 volts pri- 
mary) ranges from 35 per cent for the neon tube com- 
bination to 45 per cent for the mercury tube com- 
bination and is lagging. As explained before, the 
resistance characteristic of gaseous conductors is such 
that a transformer supplying a shunt load of such 
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Fig. 2—VouraGce-Power Facror CHARACTERISTICS FOR 


Two TUBES IN SERIES 


1. Two mercury tubes in series 
2. One mercury and one neon tube in series 
3. Twoneon tubes in series 


conductors must possess a high internal reactance in 
order to limit the load current. A transformer of this 
character, when virtually short-circuited, draws a 
current having a large lagging component which in- 
creases in magnitude as the resistance of the secondary 
load decreases. The effective resistance of the mercury 
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tubes is made higher than that of the neon tubes in order 
to generate sufficient heat to vaporize the metallic 
mercury. Hence, it follows that a transformer loaded 
with these mercury tubes should consume more power 
at a higher power factor and lower current than when 
loaded with a similar number of neon tubes. The data 
and curves bear out this conclusion. 

The characteristics of series combinations of one, two, 
and three neon tubes are given in Fig. 38. Since 
the effective resistance of the transformer load depends 
upon the number of electrodes and length of tubing in 
series, it would be expected from the previous dis- 
cussion that the power factor and power consumption 
would increase and the current decrease as the number 
of tubes in series is increased. ‘The data and curves 
bear this out. 

Oscillograms of voltage and current were taken on the 
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Fie. 3—Vo.utTrace-PowER CHARACTERISTICS FOR ONE, Two 


AND THREE NEON TUBES IN SERIES 


1. Oneneon tube 
2. Twoneon tubes in series 
3. Three neon tubes in series 


low-voltage and also on the high-voltage side of a loaded 
neon transformer. It was necessary to use a potential 
transformer to obtain the high-voltage wave forms. 
This potential transformer was a duplicate of the step- 
up transformer and had an appreciable effect’ upon the 
performance. However, cyclograms taken by means 
of the low-voltage cathode ray oscillograph which 
required no appreciable power (approximately 0.5 
watts) showed the general characteristics to be 
unaffected. 

‘The output voltage and current waves of a loaded 
transformer are shown in Fig. 5. In the upper oscillo- 
gram (OSC. 83), that taken with neon tubes, the very 
pronounced oscillation in the current wave is due to 
two factors. The initial part showing little decrement 
is produced by the impedance drop in the transformer 
drawing the terminal voltage down so low following 
each breakdown that the discharge stops only to be 
reestablished again as soon as the voltage recovers to 
the ionization potential. The latter part is the free 
oscillation of the circuit, that is between the capaci- 
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tance, inductance and resistance of the transformer 
and its load. This free oscillation takes place each half 
cycle after the high voltage has increased to a value high 
enough to sustain continuous ionization. 

In the lower oscillogram of Fig. 5, (OSC. 86) that 
taken with mercury tubes, the current is lower, oscilla- 
tions are much less pronounced and sustained voltage 
is higher than in the neon-tube case. All of these 
effects are produced by the increased resistance of the 
mercury tubes. 


The voltage waves are interesting. In both oscillo- 


Load—Three neon tubes in series 
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impedance. Power consumption values as great as 
21.9 kw. were obtained with three neon tubes in series. 
Currents as great as 7.5 amperes (about 240 times 
normal) were passed through the tubes. The ac- 
companying illumination was very intense and the tubes 
heated up rapidly. The oscillograph showed the same 
type of transformer output characteristics as those 
obtained with the small transformers (Fig. 5). The 
voltage drop across the tubes was obtained by potential 
transformer and voltmeter, and was found to be ap- 
proximately 3000 volts for three neon tubes in series 
carrying 7.5 amperes. Under normal conditions of 
operation, with approximately 0.031 amperes in the 
tubes, the voltage drop as determined by sphere-gap 


~ and cathode ray oscillograph was substantially the same 


value. 
POWER-FACTOR CORRECTION 
The resistance characteristic of gaseous-conductor 
lamps makes it necessary that when operating on al- 
ternating current, they receive their power supply from 
a source of high impedance. This is accomplished 


Load—Three mercury tubes in series 


Fic. 4—Low-Vourace Input to LoapEp NEon TRANSFORMER 


VY, = Voltage 110 volts r.m.s. 
V3 = Current 


grams, at the start of each half cycle, the voltage rises 
from zero at a rapid rate following the normal open- 
circuit secondary sine wave until the ionizing potential 
is reached. At this voltage, sudden breakdown occurs, 
current begins to flow, and the circuit is set in oscilla- 
tion. As previously explained, this oscillation continues 
without decrement until the voltage wave increases to a 
sufficient value to maintain continuous ionization, 
at which point, the free oscillation of the circuit begins 
and is damped out by the resistance of the tubes and 
transformer. Then, as the voltage attempts to rise 
still further, the ionization increases, a greater current 
flows, a greater transformer impedance drop results, 
and the terminal voltage remains practically constant 
until the normal voltage wave decreases to this constant 
value. At this instant, ionization ceases, the voltage 
passes on through zero, increases in the reverse direction 
until the ionization potential is again reached, and the 
above procedure is repeated. 

The performance of the tubes when carrying ab- 
normally high currents was studied. Power was 
supplied by means of a distribution transformer 
rated at 15-kv-a., 11,500/115-230-volt, 2.4 per cent 


Load—Two mercury tubes in series 


Fig. 5—HiexH-Voutrace Ineur to Neon Tupes 


Vi = Voltage of two tubes 
V3 = Tube current 


most satisfactorily from the standpoint of power con- 
sumption and current requirement by employing high- 
voltage transformers having abnormally high leakage 
reactances. Such a load combination will necessarily 
draw lagging currents from the supply system. 


CORRECTION ON LOW-VOLTAGE SIDE OF TRANSFORMER 
BY USE OF STATIC CONDENSERS 


By the use of static condensers shunted across the 
low-voltage side of the transformer, it is possible to 
correct the power factor to any desired value. In 
Table I is given the corrective volt-amperes and the 
corresponding condenser capacitance required to correct 
the power factors of the various combinations of tubes 
to 80, 90, and 100 per cent: 
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TABLE I TABLE III 
VOLTAGE 7ER-FACT } .OTION POWER-FACTOR CORRECTION WITH HIGH-VOLTAGE SERIES 
LOW-VOLTAGE POWER-FACTOR CORRECTION CONDENCEE 


110.0 Volts, 60 Cycles 


Tubes Power factor (lagging) |Low-voltage correction 
Condenser 
Number Volt- capacitance 
in Uncor- amperes (micro- 
Type series rected Corrected | (leading) farads) 
Neon 1 0.234 0.800 419. 91.8 
os 0.234 0.900 452. 99.0 
1 0.234 1.000 SLL. 112.1 
Mercury 1 0.264 0.800 390. 85.4 
+ 1 0.264 0.900 426. 93.3 
x 1 0.264 1.000 491. LOZaS 
Neon 2 0.350 0.800 B33 35e ices 
be 2 0.350 0.900 382. 83.6 
re 2 0.350 1.000 466. 102.0 
Mereury 2 0.450 0.800 239. 52.3 
ff 2 0.450 0.900 291. Gaen 
§ 2 0.450 1.000 385. 84.3 
1 —Hg +1 —Ne 2 0.394 0.800 287. 62.8 
e 'y 2 0.394 0.900 336. Cano 
3 = 2 0.394 1.000 423. 92.6 
Neon 3 0.461 0.800 255: 55.8 
. 3 0.461 0.900 313. 68.5 
3 0.461 1.000 418. 91.6 
Mercury 3 0.621 0.800 74. 16.2 
fs 3 0.621 0.900 a Bee: 24.7 
e 3 0.621 1.000 182. 39.8 


CORRECTION ON HIGH-VOLTAGE SIDE OF TRANSFORMER 


Interesting results can be obtained by employing a 
series condenser in the high-voltage circuit. Table II 
gives the results of a series of measurements using three 
neon tubes and various values of series capacitance. 
The power factor remains high overawiderange. Upto 
a certain point, the power requirement increases with 
increase in capacitance and then decreases. The 
tube brilliancy is in this case apparently roughly pro- 
portional to the power consumption. For very low 
values of series capacitance the tubes are unstable at 
normal voltage because through the resistance of the 
tubes the condensers charge up quickly during each 
half cycle and block off the current flow. As a result 


TABLE II 


LOW-VOLTAGE CONDITIONS AS AFFECTED BY HIGH- 
VOLTAGE SERIES CONDENSER 


3 Neon Tubes in Series, 110 Volts, 60 Cycles 


Low voltage High-voltage 
series 
Power condenser 
Amperes Watts factor (microfarads) 
1.87 204. 0.990 0.00715 
2.21 241. 0.992 0.00813 
2.99 329. 1.000 0.01080 
3.48 383. 1.000 0.01250 
5.29 578. 0.993 0.01730 
8.34 862. 0.940 0.02210 
10.10 740. 0.664 0.02470 
6.76 384. 0.516 0.03260 


the illumination persists for only a fraction of each half 
cycle. 
Resonant conditions are produced by the series con- 


110.0 Volts, 60 Cycles 


High- 
Tubes voltage Low voltage 
series 
Number | condenser 
in (micro- Current Power 
Type series farads) (amperes) | (watts) | Power factor 

Neon 1 0.00553 1.22 113. |0.842 (Leading) 

i! 1 0.00652 1.53 138. 0.821 ee 

- 1 0.00776 1.82 164. 0.820 ts 
5 1 foo) 4.78 123. |0.234 (Lagging) 
Mercury if 0.00553 ies) 126. |0.881 (Leading) 

ie 1 0.00652 156: 148. 0.860 s 

« 1 0.00776 LOG 183. 0.843 Bs 
oe 1 (eo) 4.62 134. 0.264 (Lagging) 
Neon 2 0.00553 1.45 147. |0.924 (Leading) 

ee 2 0.00652 1.76 iif 0.912 ss 

2 0.00776 2.12 212. 0.910 oe 
“ 2 loo) 4.53 174. |0.350 (Lagging) 
Mercury 2 0.00553 14s) 185. |0.958 (Leading) 

* 2 0.00652 2.03 210. 0.942 is 

¥ 2 0.00776 2.54 264. 0.943 ce 
a 2 © Shocme 194. |0.450 (Lagging) 

1 —Hg 
+1—Ne 2 0.00652 1.91 193. 0.920 (Leading) 
1—Hg 

-+IT—Ne 2 eo) 4.18 181. |0.394 (Lagging) 
Neon 3 0.00553 1.64 175. |0.972 (Leading) 

“ 3 * 0.00652 2.01 210. 0.950 s 

S 3 0.00776 2.44 254. 0.948 “ 

‘< 3 oo 4.28 PAW ha 0.461 (Lagging) 
Mercury 3 0.00553 2.04 220. 0.982 (Leading) 
s 3 0.00652 2.46 264. 0.977 ss 
Me 3 0.00776 2.99 321. 0.976 as 

6 3 eo) QA 144. |0.621 (Lagging) 


densers, and consequently voltages of abnormal magni- 
tude appear across the high-voltage winding of the 
transformer and across the condenser. 

If the series condenser correction were to be employed 
in practise, it would be necessary to insulate the trans- 
formers for approximately twice the high-voltage po- 
tentials that at present prevail. 

CONCLUSIONS 

1. The inherent characteristics of gaseous-conductor 
lamps are such that when supplied from an a-c. source, 
the transformer must have a high leakage reactance. 

2. Because of the combined characteristics of the 
lamps and supply transformers, the currents drawn 
have a large lagging component. 

3. Power factor is improved by increasing the 
number of tubes in series or by increasing their re- 
sistance. 

4. The probable future almost universal use of 
gaseous-conductor sign lamps will necessitate the use of 
power-factor correction or the application of special 
power rates if the use of the high-voltage type lamp is 
continued. 

5. Power-factor correction can be accomplished by 
the use of parallel capacitance on the low-voltage side 
of the transformer, or series capacitance in the high- 
voltage circuit. 


. 
| 
| 
| 


—TrT ee 


Abridgment't of 


The Automatic Substation and its Relation 


to the Electric Distribution System 
BY S. J. LISBERGER: 


Member, A. I. E. E. 


INTRODUCTION 

Se 15 years ago in a substation supplying power 

to an interurban electric railway system it was 

demonstrated that electro-mechanical devices could 
be made to operate the apparatus so successfully that 
human attendance might not be necessary. Since 
that time, the development of these automatic devices 
has been extremely rapid and as a result of the progress 
in this branch of -the art, the automatic substation of 
today has reached a high state of development. 

It must be borne in mind that the substation is a 
definite part of the electric distribution system and that 
the location of the substation in the distribution net- 
work has a most important bearing on the cost of the 
distribution system. 

It is the desire of the author to point out some of the 
advantages to be gained by the use of the automatic 
substation and to discuss, in a general way, some of the 
factors which play a most important part in the distri- 
bution of the electrical energy to a community. 

The automatic substation has been found ideally 
adapted to the following types of installation. 

1. A supply of d-c. energy to urban, metropolitan, 
and interurban street railway systems. 

2. The rural substation supplying only alternating 
current. 

3. On consumer’s premises where a special substa- 
tion is necessary and where the customer’s requirements 
may call for either or both alternating or direct current. 

4. In supplying energy to a 220-volt d-c. Edison 
network in a metropolitan community of not excessive 
size. 

5. In metropolitan areas where one or more types of 
service may be supplied from the same substation. 
The latter may involve a combination of several of the 
above types. There are, perhaps, several other classes 
that might be added, such as automatic operation of 
synchronous condensers at isolated points and a 
semi-automatic installation in a large station. This 
condition assumes that the station has a large number 
of units and that switching conditions require an at- 
tendant. Insuch astation, it is probable that complete 
automatic operation is not advisable, yet partial auto- 
matic operation may reduce operating expense and 
give better service than a completely manually-operated 
station. 

1. Engineer, Pacific Gas & Electric Co., San Francisco, Calif. 
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It is today generally recognized that for certain 
installations the automatic equipment can be made 
more foolproof than manually-operated, and that in 
certain types of installations, the automatic equipment 
will restore service faster than the attended equipment. 

Assume a medium size system, wherein one or 
more automatic stations are equipped with supervisory 
control, the control point being an adjacent substation. 
If such a system is to be operated on the orders of a 
central load dispatcher, and if the control station must 
obtain orders from the dispatcher before carrying out 
any switching operations in the automatic substation, 
it is probable that better service will develop if the 
automatic substation be of the fully automatic type 
rather than supervisory, as in times of trouble or if 
faults develop, the fully automatic substation will 
eliminate the defective equipment and will restore 
service faster than if supervised. However, there is 
always a feeling on the part of the operating man, in 
which he may be justified, that some one should know 
what is going on in the automatic substation, as 
apparatus may lock out and nothing will be known of it 
until the customer complains or the routine inspection 
takes place. Such operation may cause a serious im- 
pairment in the service. Hence, a combination of 
automatic and indication at some distant point may 
be found to be the ideal solution, as the equipment will 
take care of itself during times of trouble on the system 
or locally and at the same time some one knows whether 
the station is functioning satisfactorily or not. 


SUPPLY OF POWER TO URBAN AND INTERURBAN 
RAILWAY SYSTEMS 

In installations of this type, the automatic substation 
finds its ideal application. Certainly in both metropoli- 
tan and interurban communities, there is a large reduc- 
tion in the amount of feeder copper necessary, with 
an attendant improvement in voltage regulation if the 
substations can be economically spaced and located. 

If more than two machines are necessary, it is possible 
that some form of supervisory control equipment may 
be simpler and less costly in both installation and 
operation. This statement .is particularly true if 
remote control indication is desired, since the control 
or indicating circuit would be existant and the addition 
of supervisory control would not be a costly addition. 
The installed cost of the automatic equipment for a 
railway machine, with feeders, represents an expendi- 
ture of approximately 30 per cent of the cost of the 
machine itself and the cost of this equipment does not 
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materially change with the size of the machine, if units 
between 500- and 2000-kv-a. are considered. It is there- 
fore desirable to use as large equipments as are economi- 
cally possible, to reduce the number of units, the size 
of the building, and the number of switching elements, 
etc., and in order to obtain simpler operation. 


RURAL SUBSTATIONS, ISOLATED CONSUMERS, AND 
SPECIAL SYNCHRONOUS CONDENSER INSTALLATIONS 


The introduction of automatic devices has materially 
bettered the service, with only a slight increase in cost. 
The outages due to line troubles have been materially 
decreased by the automatic reclosing breaker, as trouble 
often clears on the first opening and service is resumed 
as soon as the breaker is reclosed. 

To both the isolated consumer and rural substation, 
it is possible to give a most reliable type of service if two 
supply lines feed the substation, as the present-day auto- 
matic devices effect a quick transfer of the load from 
one circuit to the other in the event of interruption and 
will transfer the load back to the preferred circuit if 
desired. 

The application of the automatic principle to the 
isolated synchronous condenser station for power- 
factor and voltage correction has made such installa- 
tions economically justifiable since the substation does 
not require any attendant or housing facilities for him. 

With most satisfactory performance of the auto- 
matic substation, it is now possible to locate such facili- 
ties at the most advantageous point on the distribution 
system. This means a reduction in the length of 
feeders, better regulation, and, particularly in rural 
communities, cuts down the length of individual 
feeders that in the event of linetrouble, a large territory 
is not out of service at one time. Such rural sub- 


stations occupy a small amount of ground space, — 


and the apparatus can be housed either in steel cells 
or be made completely outdoor. 


SUPPLY OF ENERGY TO A 220-VoLT D-C. EDISON 
NETWORK 

Why should an existing d-c. supply be abandoned 
in favor of an a-c. supply? 

If there are no batteries, or if the batteries are not 
_ sufficiently large to carry the system even at reduced 
voltage during times of system trouble, there is always 
the difficulty as to how service could be restored on the 
Edison network during times of system trouble. Such 
a d-c. network requires a large amount of copper and a 
large number of ducts. The capital investment and the 
operating expense for such a system, particularly if 
batteries are required, are greater than for an a-c. 
system of equal capacity. 

With these general factors in mind, it is not difficult 
to see why the a-c. system is to be preferred. Yet, on 
the other hand, there is nothing simpler to operate than 
a d-c. Edison network, and maintenance costs for the 
underground system are not high. If a new system 
were to be built today, it is doubtful if the d-c. would 


LISBERGER: AUTOMATIC SUBSTATION 


Journal A. I. E. KE. 


be installed; and yet where such systems are installed, 
with the changed conditions brought about by the 
automatic substation, it is likewise doubtful if an a-c. 
supply should be selected to supplant the existing d-c. 
system. With the newer types of motor-generators 
with load limiting and similar characteristics, and with 


the automatic devices now available, if the d-c. sys-— 


tem can be fed from a number of substations with 
not more than two units per substation, a very economi- 
cal and high quality of service can be rendered. The 
d-c. system can be operated as a network with a material 
reduction in the length of feeders, number of ducts, 
and consequent savings in losses and investment, and 
without storage batteries,—the automatic equipment 
restoring service most satisfactorily in the event of 
trouble. It is not intended to imply that automatic 
equipmentin a system of this type is the equal of manual 
stations with storage batteries, nor that in extremely 
large metropolitan areas where the density of load is 
very heavy, the automatic substation can supplant 
the manual substation entirely. The distances between 
substations will not be great and as there will be ro- 
tating apparatus installed, and as the service demanded 
must be of an excellent character, it is probable that 
some form of supervisory control will be most advisable. 
An a-c. supply to deliver service equal to that of direct 
current should be operated as a network. Such a supply 
means large transformer vaults, with some problems of 
ventilation, network protectors, ete. Certain existing 
consumers will still demand some d-c. supply, for which 
there must be some form of conversion apparatus. 

Owing to crowded street conditions, it is not always 
possible, to find ample space for the necessary a-c. 
facilities. 


AUTOMATIC SUBSTATIONS IN METROPOLITAN AREAS 


In large metropolitan areas, the use of the automatic 


substation vs. the attended station requires more care- 
ful consideration than in any other situation, as there 


are many things that affect the problem, such as the 


several classes of service that may have to be supplied 
out of one station, the density of load, the cost of the 
supply lines to the substation, the cost of real estate 
and building, and the question of fire risk. 


If the utility is to supply several classes of service,— 
such as a street railway system, d-c. Edison service, 
a-c. service for industrial purposes, and street lighting, 
all out of the same station,—it is most probable that the 
variety of service and amount of apparatus can best 
be served from an attended substation. With such an 
installation, the application of partially automatic opera- 
tion, such as reclosing feeders on the a-c. system, 
automatic operation of all station auxiliaries, automatic 
starting of railway motor-generators or rotaries, will be 
justified, as it will reduce the number of attendants and 
at the same time better the service. 


Where the generating capacity is of such an order that 
the use of oil switches of high rupturing capacity is 


See eT se ae ae ee ee ee ee 


Dee. 1928 


necessary, switching costs at the substation are fac- 
tors in the cost of the total development. In order 
to reduce the cost per kv-a. of switching and under- 
ground lines, supply cables must be of such a size that 
they will carry loads of approximately 7000 ky-a., (assum- 
ing the supply system is 12,000 volts) and to further 
reduce costs, it is possible to eliminate the switching 
at the substation end by treating the cable and trans- 
former bank at the substation as a unit, thus saving 
not only the cost of switches, switchboard, etc., but the 
building space also. 

The automatic station lends itself particularly well to 
this design if a spare cable and transformer bank unit 
are installed,—the banks feeding the secondary bus 
through oil switches, the secondary bus, in turn, being 
arranged in units with a given number of feeders per 
bank, and the secondary bus sections so arranged that 
they can be tied together through oil switches. In the 
event of a failure of a cable or bank unit, the main 
secondary oil switches on the bank open, the secondary 
bus tie switches close, and the other bank takes the load. 
Such an installation can be made with two or more 
banks and cable units, it being necessary that the bank 
and cable unit have some spare capacity in order to take 
the load of the adjoining section. 

Such an installation requires no switches on the high- 
voltage side, a minimum number of relays, is without 
the complications of high-tension switching, and it is 
would probably be cheaper than any other instal- 
lation, if the costs of switching and building are of seri- 
ous moment in another type of design. 


REMOTE LOAD INDICATION AND OTHER METERING 
EQUIPMENTS 

If the distribution network is fed by a number of 
substations and if the feeders are, or can be-tied to- 
gether through sectionalizing switches, it is often 
desirable to know the load the several units in the 
automatic substations are carrying; this is all the more 
important if the station is of supervisory control, as 
the control station must be in a position to know when 
to put in and take out the supply units. 


SUBSTATION DESIGN 


The design of the automatic substation is somewhat 
different from the attended substation. The most 
important elements to be noted are: 

1. The design of the building if apparatus must be 
housed, or design of the structures if it is to be outdoor. 

2. Ventilation in the case of housed equipment. 

3. Fire risk. 

4, Economical arrangement of apparatus, particu- 
larly with relation to the building structure, and with 
the interconnected devices. 

5. Arrangement and grouping of the apparatus to 
facilitate quick inspection, and location of faults. 

Building Design. If the substation is to be located 
in a residential area, special treatment must be accorded 
the building to make it harmonize with the surrounding 
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property. It must be architecturally attractive, very 
probably should not be over two stories high, and 
must be of such construction that if the apparatus 
located therein is noisy, such noise will be confined to 
the building. 

In a noiseproof station, it will be necessary to provide 
some form of double walls; that is, an outside wall with 
intervening air space between it and the inside wall, the 
latter being of plaster or similar material. In place 
of the double wall, it is possible to use sound absorbing 
materials. It will be found advisable to eliminate all 
windows and skylights and reduce the number of doors 
to a minimum, using a heavy door of wood con- 
struction and then placing a removable covering over 
this door, such covering to be placed on the inside 
of the station, and built of soundproof materials. 
It must also be bolted tightly against the main door 
frame. The smaller entrance should be through a 
vestibule having two doors. All cracks around the 
doors must be absolutely tight. as small cracks offer a 
passageway for a large amount of sound. 

The air entrances and exits must be properly baffled. 
It is probable that in a residential area, all wires leading 
to and from the station will have to be underground 
for at least a limited distance. If the station contains 
several classes of apparatus located in separate rooms, 
it may be necessary to build only one part noiseproof, 
the static apparatus not causing sufficient noise to 
require the extra precaution and expense necessary with 
rotating machinery. 

A very economical design has been worked out, 
wherein all wires are brought to the substation under- 
ground, such wires terminating in a steel cell which 
houses the oil switch, instrument transformers, dis- 
connecting switches, switchboard instruments, etc. 
Bypass switches (air type) are provided in the cell to 
allow for inspection of the oil switch. All leads to the 
transformers and regulators are wiped in. This type 
of design has a decided advantage, in that there is. not 
an exposed wire in the installation. Indoor equipment 
(which is cheaper than outdoor and incidentally more 
easily obtained) can be used. (For complete details, see 
article by R. C. Powell, Electrical World, Feb. 26, 1927, 
Vol. 89, p. 449.) 

Ventilation. If ventilation is required, it presents no 
difficult problem; it is only an added expense. In or- 
der to reduce the quantity of dust and dirt brought 
into the station, it will be found advisable to install a 
dry filter type of air-cleaning equipment. The installa- 
tion will be found justified by the reduced cleaning and 
maintenance that would otherwise be necessary. 

These filters will not decrease the passage of noise, 
and if noise is to be eliminated it will be necessary to 
provide baffles or mufflers both in entering and leaving 
air passages. The ventilating installation may require 
either forced or exhaust fans, or both. If the substation 
is under supervisory control, and if the load has a 
definite daily characteristic, after the temperature 


908 


characteristics of the station are known, the fans can 
be controlled from the supervising station. The use of 
thermostats for starting and stopping fans is quite 
reliable and low in first cost. 

Fire Risk. The building should be of fireproof type. 
The question of fire risk has received, perhaps, the 
least attention, and yet it is one of the most important 
of considerations. While electric firesarefew in number, 
they do occur, and if in an unattended station, consider- 
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A simple roll-out type of switch is used requiring less space than the 
truck type. Control connections are made through flexible couplings 


able damage may result before anything is known of the 
accident. 

It is therefore most desirable to locate transformers 
out of doors, or to house them in a separate building 
or part of the substation. It is entirely probable that 
they can be located outdoors in such a way as not to 
be unsightly, particularly if they are protected by a 
wall or screen. It is advisable to have all connecting 
leads wiped in rather than have exposed bushings. 


Oil switches should be in compartments with barriers 
soarranged as to prevent the spread of fireand the flow of 
oil in the event a tank bursts, (Fig.1). Induction reg- 
ulators cases should be of strong construction, prefer- 
ably boiler plate type; there should be proper barriers 
between each group, a small pit or oil dam being 
provided for each set. If there are high-tension 
switches, it will be advisable to locate them in a part of 
the building isolated from the other apparatus, and 
should there be any large number of switches or 
regulators, it may be advisable to erect partitions which 
will provide a number of small rooms instead of one 
large open space. The location of the apparatus with 
reference to adjoining apparatus, wiring on the switch- 
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board, ete., should receive most careful consideration. 

If a fire should occur, it is necessary to have the 
ventilating fans stop. This can be done by locating 
fusible links at critical parts of the room the links so 
arranged that they will open the control circuit of the 
ventilating fan; if the substation is of supervisory or 
indicating type, the opening of such circuits could 
be registered at the control point. 

Arrangement of Apparatus with Relation to the Building 
Structure, and Grouping to Facilitate Quick Inspection. 
The designer of the station must consider both of the 
above features when laying out the station, as it is 
essential that an economical arrangement be had, and at 
the same time it is equally essential that the apparatus 
be so grouped that trouble may readily be located if and 
when it develops. 

It may be found advisable to arrange the switchboard 
in two sections, (back to back), the machine relays and 
instrument equipment; the feeder equipment, such as 
the relays and circuit interrupters, being on the front 
board, and on the board to the rear, the disconnecting 
switches and such relay and metering equipment as is 
not essential on the front board, (Fig. 2). This 
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2—FRontT oF SwITCHBOARD 


Contains 11-ky. control panels, automatic equipment for two machine 
control, and four feeder circuit breakers. Note the load-limiting resistors 
on the gallery 


arrangement has decided advantages. It makes pos- 
sible reduction in the length of the building; but 
more important, it permits the placing of the heavy 
bus in a position well above the other apparatus, 
thus making it easy to connect the bus to the breakers, 
or circuit interrupters, and the disconnecting switches. 
At the same time leaving the backs of the boards 


clear of heavy copper, which, under the older type’ 


of installation, makes it extremely difficult to get at or 
change incidental wiring on the rear of the panels, 
(Fig. 3). 

Where fuses are used on 600-volt potential or control 
circuits, the cartridge should be enclosed in a non- 
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conducting, fire resisting box, as the failure of a fuse to 
function properly is likely to cause serious destruction 
to the adjacent wires. 

Where rotary converters are used, the placing of the 
transformers outside of the main building has distinct 
advantages in reducing the cost of the building and 
ventilation. They should be located as close to the 


Fig. 


Note the absence of heavy copper runs on back of panels. Metal 
trough overhead is divided into three compartments with removable 
sections on sides. Note ease with which the interconnecting leads are 
taken out of this box to various control panels. Barriers on left are 
between the d-c. feeder panels 


3—View Between FRont anp REAR SwItTCcHBOARDS 


4—Two 1500-Kw. 600-Vorttr CoNVERTERS 


Fig. 


Note short leads from the machine to the two high-speed circuit 
breakers on negative side. The metal boxes overhead enclose the 
secondary leads from transformer 


machines as possible to reduce the length of the secon- 
dary leads. When on the negative side of the machine, 
the high-speed circuit breakers should be as close to the 
machine as possible and adjacent to their complemen- 
tary resistors. Themachine and breakers can be treated 
asa unit, as this equipment must be out of service if it 
is desired to work on any part of the unit. If these 
devices are not located close to the machine, long runs 
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of heavy cable and control leads are necessary. An 
example of how this apparatus may be grouped and 
made a part of the unit is shown in Fig. 4. 


CONCLUSION 


The automatic substation has been developed to a 
high degree of perfection. It can be relied upon to 
deliver an excellent type of service, particularly if proper 
precautions are taken in design and_ installation. 
In many eases it will deliver better service than that 
given from an attended station. Careful inspection 
and maintenance will prevent much trouble. 

This development has provided means for locating 
the supply station at those points in the distribution 
network where previously such a station would not have 
been economical, and as a result, large economies in the 
distribution network can often be effected by the ap- 
plication of the automatic substation; but to make this 
possible, it is essential that the substation investment 
should not overbalance the saving to be effected in the 
distribution system. 


USE OF MEGGER CIRCUITS IN 
GEOPHYSICAL PROSPECTING 


The increasing interest in the use of electrical or other 
geophysical methods for the location of underground ore 
deposits has led the United States Bureau of Mines, 
Department of Commerce, to study the possibilities of 
the use of the megger circuit for the measurement of the 
variation of ground resistivity, an important factor in 
this means of mineral prospecting. 

The megger may be used to measure the various 
average resistivities at different depths from the surface 
or to compare the various average resistivities at the 
same depths. With its use it is possible to locate the 
direction of the dip and strike of a concealed instrusion, 
such as a body of ore. About three sites or areas can 
be measured in one day to a depth of 600 ft. by a crew 
of three men. 

The megger as it is built at present is not entirely 
suited for geophysical prospecting, states Doctor 


_F. W. Lee in Technical Paper 440 recently issued by 


the Bureau of Mines. Various improvements which 
would help in the operation of this instrument in the 
locating of underground ore bodies are summarized in 
Technical Paper 440, copies of which may be obtained 
at a price of 10 cents from the Superintendent of 
Documents, Government Printing Office, Washington, 
DvG; 


Ottumwa, Iowa, is seeking a permit to allow the city 
to straighten the channel of the Des Moines River 
in its flow through the city, this movement being in the 
cause of flood protection. Horace A. Brown, superin- 
tendent of the Ottumwa waterworks, has a plan in- 
volving the installation of a hydroelectric plant, by 
which means, it is held the cost of the project, ap- 
proximately $1,000,000, could be reimbursed. 
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Automatic Stations 
ANNUAL REPORT OF COMMITTEE ON AUTOMATIC STATIONS 


To the Board of Directors: 

The Committee on Automatic Stations was appointed 
April 8, 1927. This, its first annual report, will give a 
general description of automatic station development 
during the past decade, and will enlarge upon some of 
the more important new features brought forward during 
the past year. Research, operation, standards, bib- 
liography, and suggestions for future study will each 
receive attention. 


RESEARCH 


Research has been carried forward by operating and 
manufacturing companies with assistance rendered by 
several universities. The principal studies have been 
concerned with the operating requirements of devices 
for various classes of service. The number of cycles of 
operation per year for some of the more important 
devices have been determined. 

Overcurrent relays, differential relays, and other 
similar protective relays, operate through about 300 or 
less cycles per year. Overcurrent circuit breakers in 
railway service may operate through as many as 1000 
cycles per year. lLoad-limiting resistors may be intro- 
duced into circuits by the operation of their short- 
circuiting devices from 500 times per year in Edison 
Service to 100,000 or more times per year in interurban 
railway service. Regulating relays may be called upon 
to operate between 1,000,000 and 30,000,000 cycles per 
year. Other devices may be called upon to operate 
between the limits as given for overcurrent relays as an 
average minimum and regulating relays as an average 
maximum. In order to derive a maximum benefit 
from the particular device in its particular service, 
each application, particularly to automatic station 
service, requires a full knowledge of operating require- 
ments. 

Another field of research has been in the determina- 
tion of the minimum protection required for various 
classes of power apparatus in automatic stations. 
The results of these studies are given in the Standards 
for Automatic Stations recently approved by the Board 
of Directors. Still another field for research has been 
in the study of operating conditions and requirements 
so that the automatic stations might be designed along 
simpler lines to give greater reliability and continuity 
of service. Valuable assistance has bee nrendered to 
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the manufacturers by the engineers of operating com- 
panies. Several papers were prepared and presented 
by these engineers describing their experiences with 
automatic stations. This has stimulated the manu- 
facturers toward the development of less complicated 
devices which give more reliable operation and permit 
better service to be rendered by public utilities. 


DEVELOPMENT 


Development has been directed toward simplifying 
operating sequence, reducing the number of devices 
required for various classes of equipment, and making 
the operation more positive and reliable. Controls 
have been developed recently for power rectifiers. A 
brief description of the outstanding features of these 
designs is given later. 

Supervisory systems for the control of remote power 
apparatus have reached a high state of development. 
Several papers indicating the trend of this development 
have been presented to the Institute. Many refine- 
ments have been incorporated, and these systems are 
now considered to have an important field of 
application. 

Telemetering is new. Only about a dozen systems 
including it are in service. Operating experience is 
needed. The state of development has not yet been 
passed. Several systems now being offered are simpler 
and more reliable than the older ones. They indicate 
that this important adjunct for automatic stations 
may soon be incorporated in standard designs. 


POWER RECTIFIERS 


Power rectifiers are the latest type of power con- 
version apparatus to be used in automatic stations. 
These differ from the usual rotating power apparatus 
in that they have no inherent mechanical moving parts. 
They differ from the usual static power apparatus in 
that they require auxiliary features which have mechan- 
ical moving parts. 

The power rectifier employing mercury is a static 
converter with a moving are stream. The load re- 
sponsive starting and stopping features of the control 
resemble those used for rotating synchronous con- 
verters. The methods used for starting and for 
stopping, and the protective measures resemble those 
used with static transformers having artificial cooling. 
Several features, however, are peculiar to the power 
rectifier. They are; (1) the rectifier must be ignited 
and (2) arelatively high vacuum must be maintained. 

Ignition of the rectifier is accomplished by a moving 
auxiliary electrode. Some schemes use alternating 
current for the are starting; some use direct current. 
When alternating current is used for ignition, two ad- 
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ditional auxiliary starting electrodes are required. The 
ignition equipment is fully automatic. It starts the 
arc as soon as a-c. power is available. It extinguishes 
_ the starting arc as soon as the power arc is formed and 
maintained. It will re-ignite the rectifier automatically 
if for any reason the power arc is extinguished. 

The required vacuum is usually maintained by two 
pumps. One is a rotary motor-driven oil-sealed 
mechanical pump; the other a mercury condensation 
pump. These start and stop in response to vacuum 
conditions as indicated by a vacuum relay. 

Water cooling systems are usually favored for pre- 
venting the rectifier temperature rising above a specified 
maximum. It is controlled by conventional thermal 
relays connected in the operating sequence of the 
automatic switching equipment. 

The minimum protection recommended for power 
rectifiers is less than that recommended for synchronous 
motor generators and synchronous converters, but is 
greater than that recommended for static transformers, 
synchronous hydroelectric generators, and synchronous 
condensers. 

Protection against a-c. undervoltage, single-phase 
_ starting, and single-phase operation is sometimes re- 
quired for power rectifier auxiliaries under certain con- 
ditions. Protection against severe a-c. over-current is 
generally required. In the case of power rectifiers, it 
may be self-resetting, while for rotating machines, it is 
usually of the lock-out type. This is due to the differ- 
ence in the inherent characteristics of the two machines. 
Protection against d-c. reverse current and excess 
temperature due to sustained overload is provided 
for the power rectifiers just as for rotating power 
apparatus. Power rectifiers, unlike most other types 
of power apparatus, are usually provided with pro- 
tection against poor vacuum, failure of vacuum pump, 
and failure of cooling fluid supply. 

The starting and stopping of power rectifiers in 
automatic stations follows the same principles as 
developed for rotating machines. Some device sub- 
stitutions are made in the protective circuit to suit the 
individual characteristics of the rectifiers. Similarly, 
load-limiting and load-shifting features may be provided 
just as for rotating machines, particularly synchronous 
converters. 

In general the automatic control for power rectifiers 
is similar to that for rotating machines, excepting 
where it has been necessary to develop some special 
devices to suit the peculiar characteristics of the recti- 
fiers just as it was necessary to develop special devices 
for some of the peculiar characteristics of synchronous 
motors, d-c. generators, synchronous converters, and 
other types of power apparatus. 


SUPERVISORY IQUIPMENT 
Supervisory equipment is rapidly assuming an 
important place in the design of electric power systems. 
It is being used not only for the supervision of automatic 
stations, but for the supervision of important power 
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distribution networks and the operation of large sub- 
stations and generating stations. The trend is defi- 
nitely toward a simple system normally at rest. Any 
operation either to actuate a device or to report an 
actuation starts a sequence. This usually continues 
until the operation and report are completed; then 
the system remains at, or returns to, a position of rest. 

Three or four line wires continue as standard for 
supervisory systems with visual indication of operation 
and the usual operating currents and frequency. 
Carrier-current systems use either one or two wires, or, 
in some cases, are superimposed on power circuits. 
Each method has a field of application depending upon 
local conditions and operating requirements. 

Several designs of supervisory equipment use the 
ordinary telephone apparatus and telephone com- 
munication circuit for both talking and control, as 
well as answer back. These have a relatively restricted 
application. 

Reliability of supervisory systems and equipment is 
only as good as the line wires which are provided. The 
terminal apparatus may be perfect; it may operate 
precisely as the designer intended it to operate; yet, 
if the wires connecting the terminal equipments fail, 
the entire system is rendered inoperative. It is neces- 
sary that this feature of supervisory equipment be taken 
into account in its application, since it has shown a 
definite limit for such systems under present day operat- 
ing conditions. 

TELEMETERING 

Telemetering is just coming to be recognized as a dis- 
tinct necessity in the operation of automatic stations,— 
particularly those forming part of large electricity 
supply systems. Developments have been rapid 
during the past two years. A number of systems 
are on trial, most of them too elaborate for economical 
application. Some give promise of meeting the require- 
ments of high accuracy, low cost, reliable operation, and 
freedom from resistance and other circuit errors. 

The telemetering systems now in operation are used 
for a very wide variety of purposes; some give readings 
of ,circuit current and voltages; some give readings 
of station load; still others are used for transmitting 
to a central office, the readings of total station loads, and 
also for again totalizing all the stations on a system and 
returning this total to each of the contributing stations. 
Still other systems are used for giving a central dis- 
patcher knowledge of the distribution of demand over a 
given system. Others serve to adjust the supply of 
power from two sources in proportion to the load 
demand required from these two sources. 

In another year, operating experience should be avail- 
able which will permit of a better picture of the trend 
of this very interesting development being given more 
definitely. 

CARRIER CURRENT 

Carrier currents in frequencies from 500 cycles to 
over 50,000 cycles are being used for the operation of 
supervisory and telemetering systems; some of these are 
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used in combination with automatic stations, and some 
are used for the operation of power apparatus in remote 
stations. Several papers have been presented before the 
Institute on this subject and the discussion of these 
papers gives the trend of thought. A great amount of 
research and development work is being done on this 
subject and future reports will no doubt give more 
comprehensive data concerning it. 


OPERATING EXPERIENCE 

Operating experience, particularly that with auto- 
matic stations, has formed the subject of several papers 
presented before the Institute. The art would advance 
very much more rapidly and more surely should more 
operating engineers take it upon themselves to 
present to the membership, through papers read at 
Regional Meetings, their individual experiences with 
automatic stations. The manufacturers and designers 
recognize that each power system has its individual 
characteristics. These require the fitting of automatic 
stations, individually to each power system. Not- 
withstanding this, all systems have a certain sim- 
ilarity. They also have certain operating require- 
ments. The art is handicapped because the designers 
do not obtain freely from the operators information 
regarding the system requirements and performance 
under given conditions. However a number of the 
operating engineers have contributed richly toward the 
development of the art by telling of their experiences. 
It is believed that a broadening of this idea will domuch 
to stabilize the industry. 


MAINTENANCE AND INSPECTION 


Maintenance and inspection of automatic stations 
are prime requisites for their successful operation. 
To obtain a maximum benefit from these stations it is 
necessary that they be given adequate, systematic, and 
intelligent inspection. The word “intelligent” really 
covers the field, for, in a broad sense, it includes the 
words “‘adequate’”’ and “‘systematie.”’ 

Much of the development work carried on by the man- 
ufacturers has been done with the idea of reducing the 
necessity for maintenance and inspection toa minimum. 
The devices and schemes of operation which have been 
produced from this development render the automatic 
station a unit in any system, which not only contributes 
to the economic operation of that system, but which also 
does much to promote continuity of the service supplied 
by that system. 

Practical analysis verifies the statement that 
“Nothing is perfect.” Any commercial device is a 
compromise between perfection and cost. The quality 
of service to be expected is thus necessarily a measure 
of the maintenance required to effect those things by 
which a device, or an equipment as a whole, falls short 
of perfection. If the outage of a unit is not a serious 
matter, time may be allowed for clearing a failure in the 
switching sequence. This would normally render the 
unit inoperative under certain conditions; hence 
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there might be a tendency to neglect the matter of 
routine inspection or maintenance. 

In protective devices, however, the failure which 
might result in costly damage as well as extended outage 
is a far more serious matter. For this reason, the 
automate station is safeguarded by protective devices 
not ordinarily found in attended stations. In pro- 
tecting against equipment failure, one protective 
device is often reenforced by another, so that only by 
simultaneous failure of separate and independent 
protective devices can serious damage be done to the 
equipment. These protective devices are the product 
of many years of research, development, and experience. 
It is necessary, however, that they be used intelligently. 
If it is to be expected that they will render the service 
for which they were intended they must be suitably 
adjusted and adequately maintained. 

The importance of continuity of service renders the 
proper functioning of switching sequence of equal 
importance with that of protective equipment. A 
knowledge of the proper functioning of each device and 
its relation to other devices is the first qualification for 
one responsible for the inspection or maintenance of an 
automatic station. Such an individual need not be a 
technically trained man; in fact, he often is not. He 
should, however, have a thorough grasp of the. funda- 
mentals, and be experienced not only in the operation 
of the equipment itself, but in the relation of the station 
to the rest of the system. The latter is especially 
essential if he is to be able to analyze properly the 
limitations of the equipment and make adjustments 
accordingly. 

With each equipment the manufacturers usually 
supply instruction books and diagrams giving a com- 
prehensive analysis of the scheme of operation, as well 
as detailed information of each device. If he is to 
give the station the best attention an inspector, or 
maintainer, should be thoroughly familiar with the 
contents of the instruction book and wiring diagram. 

Sometimes the maintainer overdoes his job in such 
matters as cleaning and filing of contacts. Relays are 
usually under covers. Inspection of the parts is facili- 
tated by the use of glass, making the removal of the 
covers necessary only at infrequent intervals. The 
removal of oxide from contacts is accomplished by the 
use of crocus cloth, or cleaning with carbon tetrachloride. 
Contacts in the power circuits and the heavier duty 
control circuits, when properly adjusted, will require 
little or no dressing of the contacts. They should be 
kept clean and bright. Filing is usually not required, 
as the contacts wear naturally to better surfaces than 
may be effected by filing. Unless carefully done, 
filing tends to make matters worse, and even shortens 
the life of the contact. 

Judicious lubrication of moving parts, cleanliness, 
and the keeping of wiring connections and interlock 
adjustments tight are the principal factors having to do 
with the proper maintenance and inspection. 
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The frequency of inspection of any particular station 
is best determined by those in responsible charge of the 
systems. ‘The experience of others in the operation of 
similar equipment in like service may be used as a guide, 
but seldom serves as a standard to be followed, since 
operating conditions are never identical. A brief ex- 
_ perience with an inspection schedule will determine 
where it should be modified so as to give best results. 
An inspection report, made in preliminary fashion 
with mineograph copies, might well be used during the 
first few months until a definite plan is decided upon. 
Samples of inspection report forms used by a number of 
operating companies are now available and may be had 
upon request to them. 

A summation of the situation is given by a member of 
the committee who has had a number of years of ex- 
perience in the operation of automatic stations. He 
states that several years of experience with daily in- 
spection, with no definite routine, did not produce 
the required results. Railroad equipment is operated 
on a car or locomotive mileage basis as determined by 
the conditions. It is then taken into the shop, 
thoroughly overhauled and sent out on the road subject 
to a trip of casual inspection somewhere on the road, 
until it has operated a certain mileage. Then it is 
returned again to the shop for general inspection. It is 
logically assumed that after such an inspection, it 
should cover a predetermined number of miles without 
attention. The same assumption can be accepted for 
the inspection of automatic station equipment. There 
should be a periodic thorough inspection; weekly, on 
some parts of the equipment and monthly, semi- 
annually, of annually, on other parts. Rotating equip- 
ment may have to be cleaned at intervals of two or 
three days,—or even longer,--depending upon the 
number of hours run and conditions of ventilation of 
the station. The station may have to be visited daily 
for other reasons than inspection of apparatus where 
no supervisory equipment is used. With supervisory 
control, no other attention should be needed than 
cleaning and periodical inspection. 


STANDARDS 

A final report on Standards for Automatic Station 
No. 26 was presented to the Standards Committee 
at its January 20, 1928 meeting. Following a letter 
ballot, this report was submitted by the Standards 
Committee to the Board of Directors with the recom- 
mendation that it be approved as an A. I. E. E. Stand- 
ard. The Board of Directors approved the Standards 
for Automatic Stations, April 6, 1928. 

The Committee on Automatic Stations intends to 
present revisions of these standards to the Standards 
Committee from time to time as the necessity for them 
may arise. 


FUNCTIONAL NUMBERS 


Functional numbers have been used for automatic 


station devices and functions for about 15 years. A 
gradual standardization has resulted. The latest 
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list is given in the Standards for Automatic Stations 
recently adopted by the Board of Directors. 

The functional numbers initially followed the se- 
quence of operation of the devices. Later, as automatic 
stations developed, this sequential numbering could not 
be followed. It resulted in an arbitrary numbering 
system which has become generally known in the art. 

The present numbering system uses a base of not 
more than two digits. The numbers from 1 to 99 
inclusive cover the entire range of basic funetions. 
Numbers in the 100, 200 and other series are used for 
designating these functions when used with feeders, 
supervisory systems and the like. The system of 
numbering the functions, however, stillremains arbitrary. 

It has been thought that a system of numbering more 
logical and less arbitrary might be developed. A 
subcommittee has had this matter under consideration 
since December 1, 1927 and have rendered several 
reports. Progress has been made, but a solution has 
not yet been supplied. It is recommended that 
a subcommittee be appointed to continue the study of 
this important topic during the ensuing term. 


PAPERS 
Papers presented under the auspices of, or in coopera- 
tion with, the Committee on Automatic Stations during 
the current year have been as follows: 


Subject Author Place & Date 


Operation and Performance 
of Mercury Arc Rectifiers. 
Automatic Control of Edison 
SY StOIUs:... Swe sace cece 


Caesar Antoniono Chicago—Nov. 1927 
O.J. Rotty & 
HE. L. Hough New York—Feb. 1928 
Automatic Switching of In- 
coming Lines and Trans- 
fOPIMNCLS |. ite. a7 ese 
Mercury Arc Rectifier Sub- 
Statlonsshe ace ee eee 


A. E. Anderson St. Louis-—March 1928 


New Haven—May 1928 


UNFINISHED BUSINESS 


Topics which have been under consideration by the 
committee, and concerning which no report has been 
rendered, are as follows: (1) Ventilation; (2) fire 
protection; (3) economical construction; (4) unusual 
operating conditions; (5) load dispatching; and (6) wire 
designations. 

In addition to these items of unfinished business, 
there are other items upon which reports have been 
rendered but which do not fully close the subject. 
These are as follows: 

(1) Papers, (2) standards, (3) research, (4) operat- 
ing reports, (5) remote metering, (6) supervisory 
control, (7) progress in the art, (8) inspection, (9) 
functional numbers, and (10) bibliography. 

It is recommended that these subjects be given con- 
sideration by the succeeding committee. 


BIBLIOGRAPHY 
Many requests have been received from time to 
time for a bibliography on automatic station literature. 
Such a bibliography has been prepared and forms an 
appendix to this report in its complete form. 


Abridgment of 


Formula for Minimum Horizontal Spacing 
of Transmission Line Conductors as Affected by Danger of 


Contact in the Span 
BY PERCY H. THOMAS 


Fellow, A. I. E. E. 


HE present contribution is for the purpose of 
deriving a logical formula to be used as a guide in 


the determination of the minimum safe horizontal. 


spacing of transmission line conductors, and is offered 
for discussion. By minimum safe horizontal spacing 
is meant the least spacing that will insure safety against 
short circuits between conductors due to their swinging 
together out in the span, under the influence of wind or 
ice, and has no relation to the separation of conductors 
transversely at the towers, as required for securing the 
necessary clearance to the tower structure. The latter 
separation is usually controlling, but a number of cases 
occur where the getting together in the span requires a 
wider spacing, such, for example, as long spans or two 
circuit horizontal arrangements of conductors. 


THEORETICAL ANALYSIS 

A study of these questions shows many erratic factors 
bearing on the danger of contact in the span between 
cables horizontally spaced, so that apparently experience 
data rather than mathematical calculation must be the 
final dominating consideration. However, these ex- 
perience data are exceedingly scanty and difficult to 
interpret, so that a theoretical analysis is likely to be of 
real value. 


STEADY UNIFORM STATE 


Considering a transverse wind, uniform in direction 
and steady in strength, we have a very simple case, for 
all the cables will be deflected in the same direction and 
by the same amounts, and will maintain exactly the 
same horizontal separation regardless of the direction 
and strength of the wind, even if the wind be straight 
up. And if the wind blows at an angle with the di- 
rection of the line, the same condition exists. This isa 
very important conclusion. 

An examination of the relations involved shows that 
with .a strong cross-wind blowing, the dropping of 
the ice on one cable leaving another cable in the same 
span coated would not have much effect on the relative 
side-swing of the two conductors in the case of alumi- 
num cable, steel reinforced, since the weight drops 
with the ice removed more or less in the same propor- 
tion as the wind surface is reduced. A special study 
should be made in each case for copper cable, where 
the balance is not so close. This action of steady 

1. Consulting Engineer, New York. 

Presented at the Summer Convention of the A. I. E. E., Denver, 
Colo., June 25, 1928. Complete copies upon request. 


state side-swing giving unequal displacements from ice 
unbalance is governed by entirely different conditions 
from the general case, and is not hereinafter considered. 


NON-UNIFORM WIND CONDITION 


When the wind is irregular in time or direction, or 
uneven at different points, there will be more or less 
tendency for the cable to depart from the true catenary 
curve and the possibility of contact occurs. Obviously, 
it is the transverse horizontal components of the de- 
flection that tend to cause contact, not the vertical. 
With a strong wind blowing across the line, say 60 mi. an 
hour, air moves at a velocity of 88 ft. per sec., so that a 
time of perhaps 2/10 sec. elapses between the time when 
the air impulse acts on one cable. When it reaches 
the next cable in the same horizontal plane, and there 
is no time for actual motion of one cable ahead of 
the other cable, due to the same high velocity wind 
impulse. Furthermore, it is exceedingly unlikely 
that with a high velocity transverse wind, there can 
be any great change of velocity or direction of the 
air in traversing the short distance between adjacent 
cables. In fact, the direction of the air must, in general, 
be substantially parallel to the ground, as there is no 
place for air to go elsewhere. This means that all 
cables in the first approximation are subject to substan- 
tially the same transverse air impulses at any one in- 
stant of time. This is the reason, no doubt, that 
trouble with wires getting together in the span is so 
rare. Where the surface of the ground is curved, or 
local obstructions exist close to the line, of course ed- 
dies will be produced. This is a vitally important case 
and will be considered later. 

The most important active factor in preventing 
contact in the span with transverse winds is the re- 
straining force of the tension in the cable, which 
tends to prevent deformations of the catenary by the 
wind. In long-span construction, this tension is of 
very material amount and has a remarkable restraining 
effect. To deflect a vertically-hanging wire, carrying a 
5000-lb. weight one degree from the vertical will require 
a horizontal force of 85 lb. applied at the weight. A 
wind producing a pressure of 8 lb. per ft. must blow 
against 10.6 sq. ft. of area to produce such a force. 
Deflection of a cable from the catenary shape, however, 
will require much more force than the hanging weight, 
since both ends of the cable are fixed and it is already a 
convex curve. Therefore, in accordance with the law 
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of increase of tension in a catenary with decrease of 
sag, (which approaches the action of a toggle joint), 
the straightening out of other parts of the catenary 
cable, which must accompany bulges in the curve at 
any point, develops very high counter tension. A 
careful: consideration of this matter will show that a 
catenary under wind pressure and with small sag and 
high tension is a very stable curve against deflection in 
the plane of the curve. 

Furthermore, the swinging of cables will be largely 
“dead beat’? on the wind (at least with transverse 
winds), and will have no material pendulum or oscillatory 
movement. It will be remembered that as a theoretic 
conclusion, pendulum action can occur only as the 
energy stored in momentum carries the moving body 
beyond a point of equilibrium against an elastic con- 
trolling force, thus paving the way for a return swing 
caused by the controlling force. The velocity of move- 
ment of the conductor in an actual span is relatively 


small, so that the kinetic energy stored in the moving . 


cable cannot be sufficient to move it against gravity 
more than a few inches, and no oscillatory movement of 
a few inches could be of serious importance in a trans- 
mission line. A velocity of one foot per sec. will cause 
a rise against gravity of only 0.02 ft. A velocity of 
8 ft. per sec. would be required for the kinetic energy 
to be sufficient to raise the cable one foot against 
gravity. Thus it seems that due to wind across the 
line, there is little chance of conductors getting together 
horizontally. 

Considering these principles in numerical relations, 
it may be assumed as an approximation that the danger 
of the deformation of the catenary and contact between 
cables is inversely proportional to the cable tension, 
other things being equal. It may be assumed also that 
it is directly proportional to the span, for obviously any 
given proportional deformation will give an actual 
displacement in feet proportional to the length of the 
span. Further, the displacing force will be proportional 
to the diameter of the cable representing the exposed 
surface. 

The tension in any span taken as due to wind and 
weight will be proportional to the resultant of the wind 
and weights, w, acting on the cable times the square of 
the span divided by the sag closely but not exactly. 

The danger of contact would then be proportional so 
far as the above factors are concerned to 


Sag . Diam. d Diam. 
: ic ae Sagein, pericent. 
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and might be written for preliminary purposes as 


Diam. ; 
———, Sag in per cent where 


horizontal spacing = C 
C isa constant. 

The effect of cable weight is to give greater tension 
and hence is favorable; but already its effect is included 
in the formula. The effect of diameter would seem to 
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be relatively unimportant because both the force 
restraining (tension) and the force causing deformation 
(wind puffs) are affected more or less alike by diameter. 
This mathematical expression will be further con- 
sidered below. 

Longitudinal wind will cause a deformation of the 
catenary in a vertical plane but so long as it is a hori- 
zontal wind, it will not tend to cause contact. 

The vertical component of any wind, whether trans- 
verse or longitudinal, tends to support the weight of the 
cable and thus reduce the tension which, in turn, tends 
to render contact in the span more likely and this is 
probably the principal cause of such trouble. If the 
uplift is sufficient to take all ‘the weight off the wire, 
there is tension due only to transverse components of 
the wind. Under such conditions, minor forces will be 
largely free to move the conductor about in an acci- 
dental manner, rendering contact much more likely. 
For example, a gusty longitudinal wind blowing under a 
line up a concave, rising hillside, would be very favor- 
able for trouble, for the wind would have an upward 
component which would take off the weight and tension 
on the wires and the irregular transverse components 
would be free to bring them together. 

A 6.5-lb. per sq. ft. upward wind component will 
take all the weight off a No. 4 copper cable and a 15-lb. 
wind all the weight off a No. 0000 copper cable. 

For all aluminum cable, the respective corresponding 
pressures are 2-lb. wind and 6.2-lb. wind, and for 
aluminum cable steel reinforced 2.8-Ib. and 6.4-lb. 
A 2-lb. wind on cylindrical surfaces corresponds to a 
velocity of 27 mi. per hour actual, and 6-lb. to about 
60 mi. 

Causes of steady upward components of wind would 
be configuration of the ground, or natural and artificial 
obstructions, such as trees, buildings, sign boards, gullies, - 
etc. In any particular case, from an examination of 
the ground, a sufficiently correct inference as to the 
directions of air currents can no doubt usually be made. 

The breaking off of ice, heavy wind in an adjacent 
span, or other causes, may produce a pulling of a certain 
short length of cable from one span into the next, but 
this will effect danger of contact in the span only in- 
directly, and whatever conditions might be set up to 
render the line safe in general against transverse wind 
conditions in the span would probably protect also 
against the effect of pulling from one span to another. 

Similarly, transverse conductor swinging may be 
carried from one span to the next, but such swinging is 
likely to be largely in synchronism for all conductors, 
unless in cases of very irregular ground configuration. 

Apparently relatively short spans and very low string- 
ing tension in the conductor tend to increase danger of 
contact, especially since it is highly probable that 
irregular wind and ground conditions do not exist over 
the whole length of any very long spans. This seems 
to be confirmed by reports of the behavior of extra long 
spans. 
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WIND PUFFS AND EDDIES 

No definite measure of wind irregularities seems 
feasible. We know that air in wind motion will act 
like water at the bottom of the sea, for air is substan- 
tially incompressible for variations of atmospheric 
pressure. Where a current meets an obstruction, it 
will be deflected to the side, or upward, with an in- 
creased pressure, but without increase of velocity. 
If a current, however, is directed into a funnel shaped 
cavity or recess, there may be a somewhat increased 
velocity. Air seems to be subject to cyclonic effects 
more than water, but they do not seem to be especially 
destructive to transmission lines. Presumably, the 
danger from these puffs and eddies is measurable by 
the factors already discussed above. 

The only way to take account of expected irregular 
variations in wind action in the proposed formula is 
to make a purely arbitrary alteration in the factor 
C for any unusual conditions. 

The only clear danger of contact in the span arises 
when, through deflection by obstacles or a hollow for- 
mation of the surface of the ground, there is an upward 
turn of the wind, tending to raise the wire and thus give 
it slack within the span for accidental deflections. 

Such obstacles and hollow surfaces must lie in the 
direction of the line, so that aconsiderablelength of span 
may be affected. 

A typical example has been reported in a case where a 
transmission line paralleled the edge of a wood for a 
certain distance just outside. At this portion, the con- 
ductors were blown together in the span a number of 
times, presumably with the wind toward the wood. 
The obvious explanation would be the turning up of the 
wind strata blowing along the ground when they reached 
the wood, thus tending to raise the conductors, allow- 
ing them to get together through the slack with no 
strong transverse pull to keep them all to one side. 

The conclusion would seem to follow that each line 
when installed should be gone over for the purpose of 
locating wind obstructions or hollow shaped earth 
formation, and special precautions taken to prevent 
contact of wires wherever such need appeared. It 
would be uneconomical to increase the width of struc- 
tures over a whole line to meet a few determinable 
danger spots. 

Since the same spacing must ordinarily be used 
throughout the line, the constant C should be deter- 
mined by comparison with experience and should 
presumably be taken as applicable to the normal 
tangent level span under Class A loading conditions 
(or any other conditions that might be agreed upon) 
and it must contain a sufficient factor of safety or margin 
to cover extra long spans and other variations. The 
apparent added risk from extra long spans is balanced 
partly by the much smaller chance of excessive air puffs 
and eddies on the large scale of the long span. 

In choosing an actual formula, certain other con- 
siderations may be taken into account. 
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The jumping distance of the voltage, of course, is a 


factor to be taken directly. 
The effect of the length of the insulator string appears 


to play little part in any of the above analysis and a 


long string would not seem to render contact more 
likely than a short string. Apparently, antics in the 
middle of the span would not be greatly affected by the 
length of the insulator string. Nevertheless with our 
present imperfect knowledge of this subject, we would 
not be warranted in ignoring the length of insulator 
string. As an empirical formula it may reasonably be 
assumed that the horizontal spacing should include a 
part equal to the side deflection of the insulator string 
to the 30-deg. position. The normal spacing is certainly 
not likely to be reduced more than this due to the string. 
For pin type insulators this part becomes zero. 
The above formula may then be set up as follows: 

Horizontal spacing = C . Sag in per cent. 


Diameter cable 


Viameter caple : 
Class A loading + D + 1%. Length of insulator string 


Where C = A constant chosen arbitrarily for each line 
to take account of the sort of metal of 
conductors, wind conditions, character 
of terrain, ete. 

D = Jumping distance of line-voltage—one foot 
for each 110 kv. 

Sag in per cent is expressed without decimals; that 
is, 2 per cent is written “2.” 

If C is taken as 4 for copper cable and 3.5 for 
A. C. S. R. and their sags in the normal span respec- 
tively as 3.75 per cent and 3.25 per cent, the spacings 
for No. 0000 cable would be as follows: 

For 44 kv. Pin Type Insulators 


No. 0000 Cu. No, 0000 AC. S.2ke 
O.D2755 C3500 0564 x 3.25 
1:02) aa a ei 0.764 ar Alle: 
as i = Soi. 
For 66-kv. suspension 
insulators 
ditto + 0.64% x 2.25 = 10.3, ditto + 0.6 + % x 2.25 
= 10.1 
For 110-kv. 
ditto +104+ %x 4 = 11.6, ditto +10+%x4 
=e) U4 
_ For 182-kv. 
ditto + 12+ 1% x5 = 12.3, ditto +124+%x5 
= ea} 
For 220-kv. 
ditto + 20+ % x 8.0 = 14.6, ditto +024+%x8 
ea by! 


The above formula is the mathematical equivalent of 
the following: 


In comparing two spans, the horizontal spacing, other 
conditions than those specified being equal,— 
Should be twice as great in the first span when both 
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have the same length, but the conductor in the first has 
one-half the tension of that in the second: 

Should be twice as great in the first span when the 
first is twice as long and both have the same tension: 

Should be the same in both when the first is twice as 
long and the second has half the tension: 

Should be twice as great in the first when the diameter 
of the cable is twice as great,—the sag, span length and 
loading per foot being the same in both: 

Should be twice as great in the first when the loading 
is half,—the span length, the sag and the diameter 
being the same. 

In the formula tension and span length are the critical 
factors, one being as important as the other. The dis- 
advantage of a long span can be made up by a higher 
tension and vice versa. 

As instances of actual lines where an actual compari- 
son can be made with this formula may be mentioned: 
(1) The Davis Bridge line of the New England Power 
Company with a two-circuit line of 12-ft. horizontal 
spacing on 110-kv. for No. 0000 copper wire; (2) a 
somewhat similar line of the Appalachian Power Com- 
pany with 10-ft. spacing for 88 kv. for No. 0 copper 
conductor. 

In conclusion, it may be said that as a result of the 
various considerations already discussed and of an 
examination of the proposed formula: 

1. The safety against contact in the span depends 
apparently more upon tension in the cable and con- 
figuration of the ground than anything else. 

2. The most dangerous conditions are probably those 
in which the general wind velocity is not too high,—this 
signifying low conductor tension, and is more or less 
parallel to the line, so that neither cable is blown far to 
either side,—and in which there is an obstacle causing 
a local upward turnin the wind. The conditions will be 
worse in short spans and with small cables and largesags. 

3. The cable conditions on side hills deserve much 
more consideration than they usually get. 

4. The advantage of copper over A. C. 8. R. or 
A. C. S. R. over copper, (if either can be established), 
should be taken into account in the arbitrary constant, 
C, as should also any variations of the terrain making 
the general conditions of any one line better or worse 
than normal 

Letters and extracts describing a few very interesting 
and pertinent cases of actual trouble and seeming 
definitely to support the conclusions are given in the 
complete paper. 


The official dedication of the new half-million-dollar 
Engineering Building of Princeton University took 
place on November 15 in the presence of over 200 
scientists and engineers from all parts of the country. 
Addresses were made by John Grier Hibben, president 
of the University, Arthur M. Greene, dean of the Engi- 
neering School and Dexter S. Kimball, of Cornell 
University. 
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HYDRO-ELECTRIC POWER COMMIS- 
SION OF ONTARIO 220-KYV. 
CONSTRUCTION 


The following description of the high-tension con- 
struction of the Hydro-Electric Power Commission of 
Ontario in connection with the power from the Gatineau 
River is furnished by courtesy of Mr. Arthur H. Hull 
of the Commission. 

On October Ist, 1928, the Hydro-Electric Power 
Commission of Ontario took delivery of the first block of 
power from the Gatineau Power Company. The 
initial amount of power is 80,000 hp. This will be 
increased yearly until, in 1931, approximately 260,000 hp. 
will be taken. 

The first construction by the Commission comprises 
a single-cirecuit 220-kv. 25-cycle transmission line on 
steel towers approximately 200 mil. long, from the 
Ottawa Rver near Fitzroy Harbor in Ontario to Leaside 
adjoining Toronto, and a 90,000-kv-a. transformer 
station at Leaside. At the Ottawa River, the line joins 
a similar line constructed by the Gatineau Power Co. 
in Quebec, extending about 30 mil. to its Paugan 
development on the Gatineau River. 

The transformer station at Leaside contains two 
banks of three-winding, single-phase transformers, each 
transformer being rated at 15,000 kv-a. on every 
winding. Transformation is from 220 kv. to 110 kv. 
and 13.2 kv. The high- and middle-voltage windings 
of the bank are star-connected while the low-voltage 
winding is delta-connected. The neutral of the 220- 
kv. star is solidly grounded. Under-load tap changers 
are provided on the 110-kv. windings to provide a 
change in voltage of 71% per cent plus and minus. The 
transformers are of the outdoor water-cooled type and 
are provided with expansion tanks. Provision is made 
for adding two additional banks of transformers, for a | 
second 220-kv. transmission circuit, and for the neces- 
sary synchronous condensers. 

The transmission line conductors are 795,000-cir. 
mil aluminum cable with 30 per cent steel core horizon- 
tally spaced 25 ft. apart and two suspension equipped 
overhead static cables are installed the entire length of 
the line. Near the Leaside Station, two additional 
overhead static cables were provided and the insulator 
strings reduced from the standard of 18 units to 14 
units over this portion. Provision is made for guard 
rings, these, however, have not yet been installed. A 
protecting piece of cable is installed at the clamps and 
vertically above the cable. The ends of this piece of 
cable are secured to the main cable about three feet 
from the main clamp. This second clamping may 
modify the effect of vibration, if it should develop, in 
each span. Dead end construction has been reduced 
to a minimum in this construction. Excepting the 
terminals and provision for subsequent interswitching, 
if that is found advisable, there are only eight dead ends 
in two hundred miles. Most of these are involved in 
railway crossings. 


INSTITUTE AND RELATED ACTIVITIES 


Attractive Winter Convention Program 


Live Engineering Activities Covered in Nine Technical Sessions—Other Notable 
Features are Planned 


The Winter Convention to be held January 28-February 1 in 
New York promises to offer one of the most interesting programs 
ever presented at a meeting of the Institute. A notable selection 
of technical papers, a lecture, inspection trips, medal presenta- 
tions, a smoker, a dinner-dance and special ladies’ entertainment 
are included in the events scheduled. A summarized program 
is given below and additional details are presented in following 
paragraphs: 


PROGRAM OF WINTER CONVENTION 
Monpay, JANUARY 28 


Morninec: Registration and Committee Meetings 
2:00 p.m. Session on Dielectrics and Electrophysics 
8:15 p.m. Lecture 

TUESDAY, JANUARY 29 

10:00 a.m. Session on Cables 
2:00 p.m. - Session on Transmission and Lightning 
8:00 p.m. Smoker and Entertainment 

WEDNESDAY, JANUARY 30 

10:00 a.m. Session on Protective Devices 
2:00 p.m. Inspection Trips 
8:30 p.m. Medal Presentations 

THURSDAY, JANUARY 31 

10:00 a.m. Two Parallel Sessions 

(a) Communication 
(b) Induction Motors 
2:00 p.m. Session on Electrical Machinery 
7:00 p.m. Dinner-Dance 
Fripay, Fesruary 1 
10:00 a.m. Session on Hlectrical Measurement of Non-Elec- 
trical Quantities 
2:00 p.m. Session on Instruments and Measurements 


Inspection Trips 


A large number of very interesting trips are being arranged. 
Wednesday afternoon, January 30, has been set aside for trips 
though several of the trips may be made on any day of the 
convention. Tickets must be secured in advance for all trips. 
This requirement has been made necessary by the increasingly 
large number of those who make trips at the Winter Conventions. 
Further information on the places to be visited and the manner of 
registering will be published in later announcements. 


Lecture 


A prominent speaker will deliver a lecture on the evening of 
Monday, January 28, on a subject to be announced later. 


Medal Presentation 
Two medals for achievements in electrical engineering will be 


presented on Wednesday evening, January 30. These are the 
Edison Medal and the Lamme Medal. 


Entertainment 
The lighter side of the convention program will include a 
smoker on the evening of January 29, a dinner-dance on January 
31 and additional entertainment for the ladies. 
The smoker will be held this year in the Engineering Societies 
Building. The ample and comfortable seating facilities of the 
Auditorium will be used for the presentation of the entertainment 


features after which a buffet supper will be served on an adjacent 
floor. It is very desirable that those who plan to attend the 
Smoker register and obtain tickets in advance so that satis- 
factory arrangements can be made for the supper. 

The annual Dinner-Dance will be held as in the past at the 
Hotel Astor. This popular event needs no introduction to 
Institute members and it is necessary only to say that the com- 
mittee in charge promises that it will be as enjoyable as the for- 
mer dinner-dances. 

A special program of entertainment for the lady guests is 
being planned. A committee is working on plans for teas, 
trips, ete., which will allow the ladies to become acquainted and 
provide for their pleasure during the convention. 


Reduced Railroad Rates 


Reduced rates for railroad transportation will be available 
under the certificate plan to members and guests who attend 
the Convention. 


Committees 


The general 1929 Winter Convention Committee is as follows: 
H. A. Kidder, Chairman; J. B. Bassett, H. P. Charlesworth, 
W.S. Gorsuch, G. L. Knight, E. B. Meyer, H. S. Sheppard, 
C. E. Stephens and R. H. Tapscott. The chairmen of the sub- 
committees are: Hntertainment, J. B. Bassett; Dinner-Dance, 
C. R. Jones; Inspection Trips, F. Zogbaum, and Smoker, J. F. 
Fairman. 

Technical Sessions 


The technical papers have been selected from a great number of | 


available contributions. They deal with some very live topics 
under the general headings shown below. It should be noted 
that the titles of papers listed include only those papers which 
had been accepted when this JouRNAL went to press (November 
20). Other papers are being considered and those acecepted 
will be listed in later announcements. 


SEssION ON DIELECTRICS AND HLECTROPHYSICS 
January 28 
This session will contain probably five papers dealing with 
dielectric absorption, power factor and dielectric constant of 
viscous dielectrics, breakdown of air gaps at high voltages, 
corona ellipses, and flux linkages. The accepted papers to date 
are as follows: 

Anomalous Conduction as a Cause of Dielectric Absorption, 
J. B. Whitehead and R. H. Marvin, Johns Hopkins 
University 

Flux Linkages and Electromagnetic Induction, L. V. Bewley, 
General Electric Co. 

Corona Ellipses, V. Karapetoff, Cornell University 

Power Factor and Permittibility in Viscous Liquid Dielectrics, 
D. W. Kitchin, Simplex Wire & Cable Co. 


SESSION ON CABLES 
January 29 
Five papers are contemplated for this session. These are on 
the subjects of high-voltage cable development and research, 
ionization studies in paper-insulated cables, and elimination of 
losses and sheath voltages in single-conductor cables. The 
accepted papers are as follows: 


High-Tension Underground Cable Research and Development, 
G. B. Shanklin and G. M. McKay, General Electric Co. 
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Some Problems in High-Voltage Cable Development, E. W. Davis 
and W. N. Eddy, Simplex Wire and Cable Co. 

Ionization Studies in Paper-Insulated Cables—II, C. L. Dawes, 
H. H. Reichard and P. H. Humphries, Harvard Engineering 
School 

Bonding of Single-Conductor Underground Cables for Elimination 
of Sheath Losses and Reduction of Sheath Voltage, Herman 
Halperin and K. W. Miller, Commonwealth Edison Co. 

Losses in Armored Single-Conductor Lead-Covered Cable, O. R. 
Sehurig, H. P. Kuehni and F. H. Buller, General Electric Co. 


SESSION ON TRANSMISSION AND LIGHTNING 
January 29 
Lightning researches in the field and in the laboratory, and 
the theory of traveling electric waves will be the subjects covered 
in the five papers planned for this session. The accepted papers 
are as follows: 
A Graphical Theory of Traveling Electric Waves between Parallel 
Conductors, V. Karapetoff, Cornell University 
Progress in Lightning Research in the Field and the Laboratory, 
F. W. Peek, Jr., General Electric Co. 
1927 Lightning Hxperience on 182-Kv. Transmission Lines, 
Philip Sporn, American Gas & Elec. Co. 
Theoretical and Field Investigations of Lightning, C. L. Fortescue 
and J. H. Cox, Westinghouse Hlectric & Mfg. Co. 
Protection of Transmission Lines from Interruption by Lightning, 
by 1927-28 Subeommittee of Power Transmission & Distri- 
bution Committee 


Session ON Protective Dervicres 
January 30 
An oil-less heavy-duty circuit breaker—its theory, construc- 
tion and test—is the subject of three papers planned for this 
session, and the fourth paper will be on automatically reclosing 
high-speed d-c. breakers. The following papers have been 
already accepted: 

Theory of the Deion Circuit Breaker, Joseph Slepian, Westing- 
house Electric & Mfg. Co. 

Structural Development of the Deion Circuit Breaker, C. R. 
Dickinson and B. P. Baker, Westinghouse Electric & Mfg. 
Co. 

Field Tests on the Deion Circuit Breaker, B. G. Jamieson, Com- 
monwealth Edison Co. 

Automatic Reclosing High-Speed Circuit Breaker Feeder Equip- 
ment for D-C. Railway Service, A. EK. Anderson, General 
Electric Co. 

SESSION ON COMMUNICATION 
January 31 
Applications of radio in aviation, influence of moisture and 
impurities in textile insulations, application of purified textile 
insulation to central-office wiring, and vector representation of 
wave filters are the subjects contemplated for this session. The 
following papers are now accepted: 

Influence of Moisture and Electrolytes upon Textiles as Insulators, 
R. R. Williams and E. J. Murphy, Bell Telephone 
Laboratories 

Purified Textile Insulation for Telephone Central-Office Wiring, 
H. H. Glenn and E. B. Wood, Bell Telephone Laboratories 

Vector Representation of Wave Filters, R. F. Mallina and O. 
Knacknuss, Victor Talking Machine Co. 


Session on Inpuction Motors 
January 31 
The capacitor motor, low-starting-current induction motors, 

and calculation of no-load core losses are the subjects of the 
five papers planned for this session. The following have been 
accepted: 
The Condenser Motor, B. ¥. Bailey, University of Michigan 
The Fundamental Theory of the Capacitor Motor, H. C. Specht, 

Westinghouse Electric & Mfg. Co. 
The Revolving-Field Theory of the Capacitor Motor, W. J. Morrill, 

General Electric Co. 
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Line-Start Induction Motors, C. J. Koch, General Electric Co. 
Calculating No-Load Core Losses in Induction Motors, Thomas 
Spooner, Westinghouse Electric & Mfg. Co. 


SESSION ON HLEectTRICAL MACHINERY 
January 31 
Five papers are planned for this session dealing with insulation 
tests on electrical machinery before and after placing in service, 
influence of temperature on commutators, transient conditions. 
in electrical machines and transformers, and the two-reaction 
theory of synchronous machines. The accepted papers are 
the following: 
Insulation Tests of Electrical Machinery Before and After Being 
Placed in Service, C. M. Gilt, Brooklyn Edison Company and 
B. L. Barns, Canadian General Electric Company 
Influence of Temperature on Large Commuator Operation, F. T. 
Hague and G. W. Penney, Westinghouse Electric & Manu- 
facturing Company 
Effect of Transient Voltages on Power-Transformer Design,. 
K. K. Palueff, General Electric Company 
Transient Analysis of A-C. Machines, Yu H. Ku, Massachusetts. 
Institute of Technology 
Two-Reaction Theory of Synchronous Machines—Part I, R. H- 
Park, General Electric Company 


SESSION ON ELEcTRICAL MEASUREMENT OF NON-ELECTRICAL. 
QUANTITIES 


February 1 
Magnetic analysis of materials, measurement of fluid flow,. 

use of the oscillograph in measuring non-electrical quantities, 

study of noises in electrical apparatus, and application of 

electricity to navigation are the subjects proposed for this: 

The accepted papers are shown below: 

_. gnetic Analysis of Materials, R. L. Sanford, U. S. Bureau of 
Standards 

Use of the Oscillograph for Measuring Non-Electrical Quantities, 
D. F. Miner and W. B. Batten, Westinghouse Elec. & Mfg. 
Co. 

Study of Noises in Electrical Apparatus, Thomas Spooner and 
J. P. Foltz, Westinghouse Electric & Mfg. Co. 


SESSION ON INSTRUMENTS AND Mi&rASUREMENTS 
February 1 
Totalizing meters, remote metering, high-accuracy current. 
transformers, a 132-kv. shielded potentiometer, and a precision. 
regulator for alternating voltage are the subjects proposed for 
this session. The following are the accepted papers: 
Telemetering, C. H. Linder, H. B. Rex and C. E. Stewart, General 
Electric Co. 
Totalizing of Electric System Loads, P. M. Lincoln, Cornelli 
University 
A New High-Accuracy Current Transformer, M. S. Wilson, 
General Electric Co. 
182-Kv. Shielded Potentiometer for Determining the Accuracy of 
Potential Transformers, C. T. Weller, General Electric Co. 
A Precision Regulator for Alternating Voltage, H. M. Stoller and 
J. R. Power, Bell Telephone Laboratories. 


Future Institute Meetings 


In addition to the Winter Convention, three other Institute 
meetings are scheduled for the first half of the year 1929. These 
are two Regional Meetings and the Summer Convention. 

March 20-22, a three-day Regional Meeting will be held in 
Cincinnati, Ohio, under the auspices of the Middle Eastern 
District. 

Dallas, Texas, will be the seat of another Regional Meeting 
to be held by the South West District May 7-9. 

The Summer Convention will be held at Swampscott, Mass., 
June 24-28. 

Plans for all of these meetings are going ahead. More com- 
plete information on them will be published at later dates. 
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Methods of Refrigeration to be 
Demonstrated before New York 
Electrical Society 


On the evening of Wednesday, December 12 the New York 
Electrical Society will hold a meeting the subject of which will be 
“Cold at Home.’’ Thespeaker Stephen Bennis, Power Engineer, 
United Electric Light and Power Company of New York will 
tell how the new gas and electric household refrigerators operate. 
His talk will be accompanied by experiments with super-cold 
by liquid air and special working models of the refrigerators 
will be on exhibit. The meeting will be held in the Engineering 
Auditorium, 29 West 39th St., New York City, on Wednesday 
evening, December 12, at 8:15 p. m. All those interested in 
refrigeration are cordially invited to be present as guests of the 
Society. 
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NEW STANDARDS AVAILABLE 

One new A. I. HE. EH. Standard, one revised Standard and 
six Specifications have just become available. 

The new Standards, 17g1, ‘‘Standards for Letter Symbols 
for Electrical Quantities,’’ was developed by a subcommittee of 
the Sectional Committee on Scientific and Engineering Symbols 
and Abbreviations working under the procedure of the American 
Standards Association. 

The remainder of the new group all deal with the wire and 
eable field. The first is a revision of No. 30, ‘‘Standards for 
Wires and Cables.’’ The new edition contains the revised defi- 
nitions as developed by the Institute, and which will shortly 
be presented for approval as American Standard. The remain- 
ing six are Specifications and are published in three pamphlets. 
The first group, Nos. 60 and 61, are ‘‘Specifications for Tinned 
Soft or Annealed Copper Wire” and ‘‘Specifications for Soft or 
Annealed Copper Wire.” The second pamphlet, No. 63, 
contains ‘‘Specifications for 30 per Cent Rubber Insulation 
for Wire and Cable for General Purposes.’’ The third pam- 
phlet covers Nos. 69, 70 and 71, ‘‘Specifications for Cotton 
covered Round Copper Magnet Wire,” ‘“‘Specifications for 
Silk Covered Round Copper Magnet Wire’”’ and ‘‘Specifications 
for Knameled Round Copper Magnet Wire.” All this group 
of Specifications has been developed by the Sectional Committee 
on Insulated Wires and Cables under the sponsorship of the 
Institute and nine other bodies. The material contained in the 
Specification pamphlets is of a radically different nature from 
that heretofore covered by A. I. KE. E. Standards but has been 
published by the Institute in order to make the valuable work 
of the Sectional Committee available to industry at an early 
date. 


1 


FOC 


Available Adopted Sections 


A Complete List of the Available A. I. E. E. Standards, 
Showing Date of Latest Edition, Prices, etc., Follows: 


No. 1 (April, 1925) General Principles upon which Tempera- 
ture Limits are Based in the Rating of 
Electrical Machinery. Price 20 cents. 

Standards for the Measurement of Test 
Voltages in Dielectric Tests. Price 30 
cents. 

Standards for Direct-Current Generators 
and Motors and Direct-Current Com- 
mutator Machines in General. Price 
40 cents. 

Standards for Alternators, Synchronous 
Motors and Synchronous Machines in 
General. Price 40 cents. 

*8 (Mar., 1925) Standards for Synchronous Converters. 

Price 40 cents. 


4 (May, 1928) 


5 (July, 1925) 


7  (Dee., 1927) 


9 


10 


pla 


13 


*14 
*15 


*16 


*17f 
17g1 
19 
22 
26 
30 
33 
34 
*36 
*37 
38 
39 


41 
*42 


45 


*46 
*60 


*61 


*63 


*69 
*70 


dal 
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(June, 1927) Standards for Induction Motors and In- 
duction Machines in General. Price 
40 cents. 

Standards for Direct-Current and Alter- 
nating Current Fractional Horse-Power 
Motors. Price 30 cents. 

Standards for Railway Motors. 
30 cents. 

(Aug., 1925) Standards for Transformers Induction 


(July, 1925) 


(July, 1925) Price 


Regulators and Reactors. Price 40 
cents. 

(Mar., 1925) Standards for Instrument Transformers. 
Price 30 cents. 


(May, 1928) Standards for Industrial Control Appa- 
ratus. Price 40 cents. 

Standards for Railway Control and Mine 
Locomotive Control Apparatus. Price 


(July, 1925) 


40 cents. 

(Feb., 1928) Standards for Mathematical Symbols. 
Price 30 cents. 

(Oct., 1928) Standards for Letter Symbols for Elec- 


trical Quantities. Price 20 cents. 
Standards for Oil Cireuit Breakers. 
Price 30 cents. 
Standards for Disconnecting and Horn 
Gap Switches. Price 30 cents. 
(April, 1928) Standards for Automatic Stations. Price 


(July, 1925) 


(July, 1925) 


30 cents. 

(Oct., 1928) Standards for Wires and Cables. Price 
40 cents. 

(Jan., 1927) Standards for Electrical Measuring In- 


struments. Price 30 cents. 
(June 1922) Standards for Telegraphy and Telephony. 
Price 30 cents. 
Standards for Storage Batteries. 
20 cents. 
Standards for Illumination. 
cents. 
(Mar., 1925) Standards for Electric Are Welding 
Apparatus. Price 40 cents. 
(Aug., 1926) Standards for Electric Resistance Weld- 
ing Apparatus. Price 30 cents. 
(July, 1925) Standard for Insulators. Price 30 cents. 
(Lec., 1923) Standard Symbols for Electrical Equip- 
ment of Buildings. Price 20 cents. 
(June, 1927) Recommended Practise for Electrical 
Installations on Shipboard (Marine 
Rules). Price $1.50. 
(May, 1927) Standards for Hard Drawn Aluminum 
Conductors. Price 20 cents. 
(Sept., 1928) Specifications for Tinned Soft or An- 
nealed Copper Wire. 
(Sept., 1928) Specifications or Soft or Annealed 
Copper Wire. 
(No. 60 and 61 published as one yam- 
phlet.) Price 30 cents. 
(Sept., 1928) Specifications for 30 Per Cent Rubber 
Insulation for Wire and Cable for 
General Purposes. Price 30 cents. 


(Sept., 1928) Specifications for Cotton Covered Round 


(Feb., 1928) Price 


(July, 1925) Price 30 


Copper Magnet Wire. 

(Sept., 1928) Specifications for Silk Covered Round 
Copper Magnet Wire. 

(Sept., 1928) Specifications for Enameled Round 


Copper Magnet Wire. 
(No. 69, 70 and 71 published as one 
pamphlet.) Price 30 cents. 


*Approved by A. E. S. C. as American Standard. 
(50 per cent discount to Institute members from above prices.) 
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Electrical Definitions. The desirability of developing a 
single recognized publication dealing with electrical definitions 
has been evident for many years. This project is now taking 
definite form through the authorization of a Sectional Com- 
mittee under the procedure of the American Standards Asso- 
ciation. The A. I. E. E. has been designated sole sponsor for the 
project which will have the following scope: ‘Definitions of 
technical terms used in electrical engineering, including correla- 
tion of definitions and terms in existing standards.” The 
work involved in setting up, what will probably become a dic- 
tionary of electrical terms, is very great and it will be a consider- 
able period after the committee is established before their report 
will be ready for approval as American Standard. 

Mercury Arc Rectifiers. The development of Standards for 
Mereury Are Rectifiers is a project about to get under way. 
The makeup of the Sectional Committee, under the sponsorship 
of the Institute is about finished. As soon as a preliminary 
draft outlining the proposed American Standard is completed 
the first meeting will be called and work of developing standards 
allocated. 


Atlanta Holds Notable Regional Meeting 
MARKED BY EXCELLENT ATTENDANCE, INTERESTING 
TECHNICAL SESSIONS, STUDENTS MEETING, AND 
ENJOYABLE INTERTAINMENT FEATURES 

The first regional meeting of the Southern District of the 
Institute, held at the Biltmore Hotel in Atlanta, October 29-31, 
proved to be a most successful gathering with an attendance of 
about 400 at the technical sessions, and over 600 at a general 
evening meeting. Technical sessions, a student meeting, two 
lectures, inspection trips, and a dinner-dance were well attended 
and enjoyed. 

Coordinated power-system development, power-limit and 
short-circuit tests, power-line carrier communication, high- 
voltage flashovers and electric drive for textile mills, were the 
chief topics covered in the technical sessions. A summarized 
report of the discussion at these sessions is given below. 

A student session was held on the first morning of the meeting, 
a report of this being given in the Student Activities department 
of this issue. 

Two most interesting lectures were given. The first of these 
was by J. B. Taylor of the General Electric Company, who 
spoke on Translations between Sound and Light, illustrating his 
‘talk with interesting demonstrations. The second lecture, on the 
subject of Science and Research in Telephone Development, was 
given by S. P. Grace of the Bell Telephone Laboratories, Inc. 
He gave with his talk a number of most attractive and unusual 
demonstrations. 

Inspection trips were made to stations of the Georgia Power 
Company, to a telephoto installation of the Southern Bell 
Telephone and Telegraph Company, and to Stone Mountain, 
where a huge Confederate memorial is being carved on the face 
of what is probably the largest piece of granite in the world. 

A dinner-dance was the high spot of the social features which 
was heartily enjoyed. The lady guests at the meeting also 
were entertained with a number of drives, teas, and card parties. 


SUMMARY OF TECHNICAL SESSIONS 


In the following paragraphs is given a Sees report of 
the technical sessions of the meeting. 


PowrrR DEVELOPMENTS SESSION 


The session on Power Developments on Monday afternoon, 
October 29, was presided over by C. O. Bickelhaupt, Vice- 
President, A. I. E. E., in the Southern District. At this session 
the following papers were presented: 

Economies in Central Power Service, by W. S. Lee. 

Southeastern Power and Light Company's System, by A. T. 
Hutchins. 

In the ensuing discussion W. E. Mitchell emphasized the 
necessity for developing plants for best economic efficiency in 


INSTITUTE AND RELATED ACTIVITIES 


921 


distinction to fuel efficiency. In discussing the Hutchins paper, 
W. S. Lee stated that his company decided on the same type of 
plant for the River Bend Station as the Alabama Company 
steam station No. 4, choosing 450-lb. boiler pressure instead of 
1200-lb. because the boiler equipment costs 15 per cent less. 
Although the higher pressure would use 13 per cent less coal, 
the lower pressure is more economical on account of the smaller 
investment charges. The use of higher pressures, he stated, 
seems to offer great promise for the future, but at present they 
are not economical except for continuous non-varying loads. 


CARRIER COMMUNICATION ON PowsrR LINES 
Power-line carrier communication and supervisory control 


were discussed at the Tuesday morning session, at which W. S. 


Rodman presided. The following two papers were first 
presented: 

Carrier Current and Supervisory Control on Alabama Power 
Company’s System, by E. W. Robinson and W. I. Woodcock. 

Transmission of High-Frequency Currents for Communication 
over Existing Power Networks, by C. A. Boddie and R. C. 
Curtis. 

In discussing these papers, C. F. Boeck suggested that 
equipment for communication over power lines should give 
reliability even if this requires sacrifice of some simplicity. 
He believed that the best system from the standpoint of re- 
liability and other merits, is the single-frequency, single-side- 
band system. 

L. E. Anderson urged that manufacturers of carrier equip- 
ment cooperate with each other so that one system will not 
render inoperative an adjacent system made by another manu- 
facturer. He stated that on his company’s lines one system is 
sometimes paralyzed by another higher powered system operat- 
ing on lines as far away as 400 miles. 

L. G. Huggins drew attention to a unique method of charging 
storage batteries used at remote points on the Alabama Power 
Company’s system. The batteries are charged by a trickle 
charger having a dry rectifier, the charger being energized by 
alternating current drawn from a secondary winding on the 
drainage coil connected to the overhead ground wire of the 
transmission line. 

R. G. McCurdy pointed out a number of advantages in em- 
ploying a frequency above 50,000 cycles for power-line com- 
munication. Among the advantages in using higher frequencies 
are that cross talk is reduced, the action of choke coils is better 
and the inductive effect on adjacent telephone lines is diminished ~ 
as these telephone lines operate below 50,000 cyeles. 

C. A. Boddie commenting on Mr. Boeck’s discussion, stated 
that simplicity and reliability usually go together. He said 
that he believes the adoption of the single-frequency, single- 
sideband system is a move in the wrong direction, and 
that the two-frequency, double-sideband system is giving very 
good results for both the Alabama Power Company and the 
Pacific Gas & Electric Co. 


Higu-VoutTace FLASHOVERS 


The last two papers in this session were as follows: 

Impulse Flashover of Insulators, by J. J. Torrok and W. 
Ramberg. 

A Study of High-Voltage Flashovers, by J. T. Lusignan, Jr. 

In a written discussion, A. O. Austin pointed out many 
features in connection with insulator flashover, and stated that _ 
the first impulse of dissipation of energy is very large and is 
possibly so rapid that it cannot be followed by the cathode-ray 
oscillograph. 

E. H. Rowland claimed that experience has proved that con- 
tinuous rings at top and bottom of an insulator string give the 
best protection and that a flat-strap ring gives better protection 
against steep impulses than a ring of circular or oval cross section. 

In a written discussion, W. A. Kates and EH. D. Tanzer said 
that in making flashover tests the amount of energy available 
in the test set should be considered when drawing conclusions 
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on actual line conditions where the amount of energy is very 
large. 

A written discussion by L. E. Reukema gave a physical 
explanation of many of the test results recorded in Dr. 
Lusignan’s paper. 

TEXTILE SESSION 


A session on electric drive in textile mills was held on Wed- 
nesday morning, at which C. A. Collier presided. The following 
papers were presented: 

Variable-Speed Spinning of Cotton Yarns, by EH. A. Untersee. 

Motor Drives for Cards and Roving Frames, by H. W. 
Reding. 

Electrification of the Textile Industry in the Southeast, by E. M. 
Clapp and A. G. Stanford. 

H. W. Reding in discussion the first paper presented caleula- 
tions which showed that application of the variable-speed drive 
will pay for itself by means of the increased production, but he 
pointed out that the most important advantages are the im- 
proved quality of yarn produced and the larger amount of yarn 
which can be wound on each bobbin. E. S. Lammers, EH. M. 
Clapp, C. A. Collier and E. A. Untersee agreed with him on the 
advantage of better quality. In discussing electrical drive in 
textile mills in general, J. W. Fox emphasized the fact that 
continuity of service is by far the most important factor from the 
standpoint of the mill owner. The stopping of machines, he 
said, costs mill operators thousands of dollars in lost production. 
J. M. Oliver pointed out that most interruptions are caused by 
momentary voltage dips on the transmission lines, which dips 
operate the instantaneous undervoltage relays on the mill 
motors. He recommended the use of time-delay relays to over- 
come this trouble. E. F. Pearce in following this point told that 
the Georgia Power Company had made tests at several mills 
and found that in the worst case the mill machine may be sub- 
jected to a delay of four seconds without damage to machine or 
product when the power comes back on the line. He pointed 
out that in the majority of cases of voltage dip, relays set for a 
delay of 1 second to 14% seconds will keep the machines in 
operation. 

In the discussion on the last two papers, two advantages of 
individual electric drive were emphasized in addition to numer- 
ous advantages mentioned in the papers. These were the ad- 
vantages of cleanliness and of safety to the operators. C. A. 
Collier pointed out that the power factor of individual drives is 
rather low and that power factor correction becomes important 
when a large load of individual drives is assumed by a power 
company. 

Pow8rR-SyYstEM OPERATION 


The last session of the meeting held on Wednesday afternoon 
dealt with power-limit and short-circuit tests, automatic oscillo- 
graphs and glow-discharge and photoelectric devices. Four 
papers, as indicated below, were presented in this session, at 
which W. E. Mitchell presided. 

Power-Limit Tests on Southeastern Power and Light Company’s 
System, by 8S. M. Jones and Robert Treat. 

Application of Auto-Oscillograph Equipment for Power Sys- 
tems, by A. Dovjikov. 

Photo- Electric and Glow-Discharge Devices, by. J. V. Breisky 
and H. O. Erickson. 

Short-circuit Testing on Alabama Power Company's System, 
by H. J. Scholz and C. B. Hawkins. 

In discussing the first paper, A. Dovjikov questioned the 
accuracy of the wattmeter measurements which were reported. 
Robert Treat assured him that these measurements had been 
checked in several ways and he thought that they were reliable. 

In discussing Mr. Dovjikov’s paper, E. E. George stated that 
quick-trip ammeters have been found very helpful in making 
rapid analysis of system troubles. With these ammeters, the 
records are instantly available and there is no delay such 
as is necessary for the development of oscillograph films. 
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Mr. Dovjikov pointed out that though these ammeters are use- 
fulas fault indicators, they do not give accurate numerical values. 

In connection with the last paper, E. E. George said that the 
Tennessee Power Company has made many tests by throwing 
short circuits directly on its system with only one failure of 
major equipment. These tests have been very valuable, he 
said, in determining the correct protective equipment. Raymond 
Bailey outlined some experiences the Philadelphia Electric 
Company has had with faults on 220-ky. lines and suggested 
that the remedy for such troubles seems to be the development 
of a high-speed 220-kv. circuit breaker. 


The marked success of this meeting reflects great credit on 
those who planned and conducted it, including many whose 
names cannot be published here for lack of space. The General 
Committee, which had direction of the meeting, is as follows: 
C. O. Bickelhaupt, Vice-President A. J. E. E. in Southern Dis- 
trict, Chairman; T. H. Landgraf, Vice-Chairman; C. EK. Bennett, 
G. N. Brown, H. A. Coles, Rawson Collier, F. M. Craft, C. L. 
Emerson, T. W. Fitzgerald, E. H. Ginn, E. S. Hannaford, 
W. E. Mitchell, O. O. Rae, D. H. Woodward and G. J. Yundt. 


John W. Lieb is Made Officer of the Legion 
of Honor 


The French Government has bestowed upon John W. Lieb, 
Senior Vice-President of The New York Edison Company and 
Past-President of the Institute, the decoration of Officer of 
the Legion of Honor in recognition of the services rendered in 
furthering professional and industrial cooperation between French 
and American Engineers and for facilitating the interchange 
of knowledge and experience regarding the construction and 
operation of central station systems for the generation and 
distribution of electrical energy for light, heat, and power. 
Insignia of the decoration was presented to Doctor Lieb in be- 
half of the principal heads of the French electrical industry at 
an informal dinner tendered at Vanderbilt Hotel, November 
2, 1928, by G. Girousse, President of the Société Nord Lumiére 
and head of a delegation of French Central Station executives 
and engineers which has been visiting the prominent electrie in- 
stallations of the United States. 


Gano Dunn is Elected Alumni Trustee of 
Columbia 


Announcement is made of the election of Gano Dunn (Presi- 
dent of the Institute 1911-12),asan alumni trustee of Columbia 
University. Mr. Dunn, who was nominated by the alumni 
to serve six years, is a member of the School of Mines class of 
1891 and sueceeds Walter H. Aldridge, a Mines graduate of 
1887. This makes two of the six alumni trustees members of 
the engineering profession, the other being H. Hobart Porter, 
President of the American Water Works and Electric Company. 
General William Barclay Parsons, a life trustee and chairman 
of the Board, is also an engineer. 

Mr. Dunn, now President of the J. G.White Engineering Corpor- 
ation and a trustee of Barnard College and Cooper Union, recently 
retired from the chairmanship of the National Research Council. 
He is a Past-President of the New York Electrical Society and 
of the John Fritz Medal Board of Award; was chairman of the 
Engineering Foundation, established by Ambrose Swasey to 
carry on engineering research, has been a representative of the 
American Society of Mechanical Engineers on the American 
Engineering Council, has held membership on several inter- 
national boards and commissions, and been a delegate to scientific 
congresses both here and abroad. He was a member of the 
War Department Nitrate Commission during 1916-1918, and 
chairman of the State Department’s special commission on sub- 
marine cables in 1918. He is one of a group of Prof. Michael I. 
Pupin’s students who have attained distinction, and is founder of 
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the Gano Dunn Prize in electrical engineering, awarded annually 
by the Columbia Schools of Mines, Engineering, and Chemistry. 


Increased Enrollment in Engineering 


Schools 


The Bureau of Education, Department of Interior, has 
recently announced that the enrollment in 148 engineering schools 
in the United States has increased from 62,312 in 1926-27 to 
65,520 in 1927-28. 

The ranking schools in regard to the number of enrollments 
were: Massachusetts Institute of Technology, 2250; Purdue 
University, 2226; University of Illinois, 1820; Georgia School of 
Technology, 1596; University of Michigan, 1593; Ohio State 
University, 1546; University of Cincinnati, 1565; Lehigh Uni- 
versity, 1510; Northeastern University, 1471; Pennsylvania 
State College, 1444; Agricultural & Mech. College of Texas, 1441; 
Rensselaer Polytechnic Institute, 1414, with the professional 
grouping from these institutions giving the following numerical 
results: 

Electrical Engineering, 20,210; civil, 14,073; mechanical 
11,273; chemical, 5987; architectural, 3256; mining and metal- 
lurgy, 2143, and industrial and commercial, 2135. 


Progress in Air Mail Service 


It is announced by B. R. Van Leer, Asst. Secy., A. E. C. and 
Editor of the A. HE. C. Bulletin, that the air mail service now 
has 24 lines operated by 22 private companies which have flying 
schedules from Montreal, Canads, to Mexico City and Havana, 
Cuba. There are about 140 companies at present manufactur- 
ing airplanes in the United States, which is a larger number 
than those manufacturing automobiles. 

On September 27 the government had completed the transfer 
of all of its air mail lines to private contractors. There is now 
expended annually over $100,000,000 in the airplane industry. 


U.S. A. Corps of Engineers Reports on 
. Bridges 

The Corps of Engineers, U. S. A., under General Edgar 
Jadwin has issued through the Government Printing Office, a 
481-page book entitled ‘‘A List of Bridges Over the Navigable 
Waters of the United States.’”’ Approximately 6000 bridges are 
listed from information prepared by the various district engineers 
of the Engineering Department. For these 6000 bridges, the 
following information is given: Location, nearest town or street, 
miles above mouth of the river, owner, kind of bridge, number of 
spans, clear with normal to channel, clear height of lowest point 
of superstructure, and the dates of the mean low water and high 
water, when and by whom authorized by law, date of approval by 
War Department, date completed, operating requirements and 
purposes for which bridges are used. This book promises to be a 
most valuable contribution to the engineering profession. 
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AMERICAN ENGINEERING COUNCIL 
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DISBURSEMENT OF FEDERAL FUNDS 

The American Engineering Council has ‘recommended 
endorsement of the principle of a provision for the expenditure of 
Federal funds on public works already authorized to increase 
employment in time of extraordinary depression of private 
industry, provided such expenditure can be carried through with- 
out any increase of taxation.’”’ Through its Administrative 
Board, it has acted upon the legislation proposed at the last session 
of Congress by Senator Jones of Washington, contemplating the 
creation of a prosperity reserve for the stabilization of industry 
and employment by the expansion of public works during periods 
of industrial depression or unemployment. 
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In making the announcement, President A. W. Berresford 
made public a letter relative to the Jones bill from Senator 
Vandenberg of Michigan to Major Williams, member of the 
Board, in which he stated that he anticipated that the result of 
special investigation of the Senate Committee on Education and 
Labor into all phases of unemployment would recommend an 
expansion of the ‘‘prosperity reserve’’ doctrine, as the present 
bill, in his estimation, is not sufficiently far reaching in not 
providing emergency methods for financing public works. 

President Berresford announced that the Council is opposed to 
the plan of Senator Wagner of New York to establish a national 
employment service in cooperation with the States, primarily 
because the matter of employment bureaus is a local and state 
function, and that it would be a waste of public funds for the 
Federal Government to get the States to establish such agencies, 
or, inlieu thereof, for the Federal Government to operate employ- 
ment bureaus in such States or elsewhere. The engineers felt 
that to establish a nationwide agency would only create a large 
number of additional jobs without actually affecting the real 
employment question when it exists. In a letter to the Ex- 
ecutive Secretary of the Council, Senator Wagner disclaimed any 
political motive in this connection and requested the opinion 
of the engineers. A bill sponsored by him for improvement in 
statistics, and which was disapproved by the Council, held 
that this purpose could be accomplished by the Department 
of Labor with funds and facilities now available, and that the 
creation of a new bureau was needless. The Council urged the 
establishment of a National Hydraulic Laboratory in the Bureau 
of Standards, an inventory of the water resources of the United 
States, the transfer of Federal public works functions to the 
Department of the Interior, topographic mapping to aid in the 
solution of flood problems and uniform requirements affecting 
Government contracts. The action of Congress to compel the 
use of steel cars in railway post office service was opposed by 
I. E. Moultroup, Vice-President of the Council, upon the grounds 
that it seemed to him unfair to put this extra burden upon the 
carrying companies when he believed it was more than probable 
that steel cars would be made a part of their standard equipment 
just so soon as the companies could afford them. The Council 
favored a change in the Amendment to the Flood Control Act 
to provide for a permanent Mississippi Flood Control Board 
with a majority of members civilian engineers to review and 
adjust differences in Jadwin and Mississippi River Commission 
plans; this board to cease to function with the presentation of 
its report to Congress. Senator Frazier of North Dakota has 
a bill which he. intends to push at the winter session of Congress, 
providing a Flood Control Board to consist of Chief of Engineers, 
the President of the Mississippi River Commission, and nine 
disinterested civilian engineers to be named by the President. 

The American Engineering Council plans to increase public 
service activities during 1929 and will map out a program at its 
Annual Meeting to be held at Washington, January 14-15, 1929. 


American Standards Association 


Established 


Unanimous approval by the thirty-seven member bodies of the 
establishment of the American Standards Association to succeed 
the American Engineering Standards Committee, is announced 
by William J. Serrill,. Assistant General Manager of the United 
Gas Improvement Company of Philadelphia. Mr. Serrill was 
chairman of the Standards Committee, and now becomes Presi- 
dent of the American Standards Association. According to Mr. 
Serrill, one of the most important results of the abandonment 
of the committee form of the organization will be a much 
broader of participation by trade associations in the direction of 
the national industrial standardization movement. 

One of the new Association’s first acts will be to organize 
a board of directors composed of twelve industrial executives. 
This newly ereated board, established in recognition of the 
increasing part which executives are playing in the stand- 
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ardization movement, will control the general administration and 
policies of the Association. The old Main Committee, composed 
of representatives of all the member bodies, now becomes the 
Standards Council, and in its hands will rest all matters con- 
nected with the adoption and approval of national standards. 

In addition to Mr. Serrill, the officers of the Association are: 
Vice-President, Cloyd Chapman: Secretary, P. G. Agnew; and 
Assistant Secretary, F. J. Schlink. The advisory committee of 
Industrial Executives includes: J. A .Farrell, President of the 
U. S. Steel Corporation, Chairman; George B .Cortelyou, Presi- 
dent of the Consolidated Gas Company; John W. Lieb, Senior 
Vice-President of the New York Edison Company; L. F. Loree, 
President of the Delaware & Hudson Company; and Gerard 
Swope, President of the General Electric Company. 


International Aviation Conference 


Under the sponsorship of the Department of Commerce, there 
is to be held in Washington, December 12 to 14, the first Inter- 
national Civil Aeronautics Conference. The Department of 
State has issued invitations to 54 countries, asking each to be 
represented at the conference by a delegation. World problems 
relating to aircraft in commerce and trade will be discussed at 
this conference. 

The Executive Committee in charge is headed by Chairman 
William P. MacCracken, Jr., Assistant Secretary of Commerce 
for Aeronautics. The Program Committee is in charge of Starr 
Truscott, Chairman; Finance Committee, Harry Guggenheim 
Chairman; Entertainment and Transportation, Maj. Clarence 
Young, Chairman; Printing Committee, Hon. W. Irving Glover, 
Chairman; Publicity, Chance Vought, Chairman; Escort and 
Reception, Lieut. Col. R. H. Williams, Chairman; Credentials, 
Sydney Y. Smith, Chairman; Hotel Reservations, D. A. Skinner, 
Chairman. 


DU eT ee 


PERSONAL MENTION 


ATL 


Deeean evened nner 


Baitey TOWNSHEND, formerly Secretary of Engineering of 
the International Business Machines Corporation, has joined 
the Research and Development Division of Johns-Manville, Inc., 
as physicist. 

R. J. Krocu, formerly assistant engineer of the Western 
Electric Company was appointed chief engineer, of the Walbert 
Mfg. Co. under Bryon Minnium when Mr. Minnium became 
director of research at Stewart Warner Corp. 


Cuype R. Kerrs has resigned from the Research Department 
of Bell Telephone Laboratories, New York City, and has accepted 
a position in the Sound Recording Department of the Metro- 
Goldwyn-Mayer Eastern Studios, New York City. 


Cuarues H. Kenney, recently distribution engineer for the 
Brooklyn Edison Company, has joined the organization of the 
Rome Wire Company Division of General Cable Corporation 
where he will be occupied in field engineering work in the metro- 
politan section. 


Frank Boxster, former engineer of the electrical depart-— 


ment of the Syracuse Lighting Company, on November 1 joined 
the staff of Rome Wire Company Division of General Cable 
Corporation, as supervisory engineer. He will be located at 
Rome and will devote his time to engineering work in connection 
with the application of this company’s products in the central 
station field. 

Henry R. Stevens, formerly with Thebo, Starr & Anderton, 
of San Francisco, has opened a consulting engineer’s office in 
Seattle, associated with Miles E. Clark, formerly assistant chief 
engineer with the Public Service Commission of the State of 
Washington. He will specialize in design and construction of 
steam and hydroelectric developments and valuation and rates 
of publie utilities. 


Journal A. I. E. E. 


Grorce S. Humpurey, formerly electrical engineer of the West 
Penn Power Company and Past-Chairman of the Institute’s 
Pittsburgh Section, has been appointed chief engineer of the 
Light and Power Properties of The Potomac Edison and its 
subsidiary companies, with full charge of the generation and 
transmission of power in addition to the general engineering needs 
of the several companies. He will report direct to the president. 

Martrurw S. Stoan was recently elected president of the 
Yonkers Electric Light and Power Company, one of 
five companies supplying electric light and power to the Greater 
New York area in which he is the chief executive, the others 
being The New York Edison Company, the Brooklyn Edison 
Company, the United Electric Light and Power Company and 
the New York and Queens Electric Light and Power Company. 
These are now being operated as a system with unified 
management. 

R. T. Prerson of New York City has been elected a director 
of the Bremer-Tully Mfg. Co..of Chicago, one of the pioneer 
companies of the radio industry. Through his early association 
with the Western Electric Company and later with Stromberg- 
Carlson of Rochester, New York, Mr. Pierson is internationally 
known in the telephone industry and it was through his efforts 
that modern telephone equipment was introduced into numerous 
countries of the Orient, as well as Australia, New Zealand and 
continental Europe. 

F. V. Macauuars, general superintendent of the Distribution 
and Installation Department of the New York Edison Company 
in Manhattan, has resigned to become vice-president of engineer- 
ing of the Hall Electric Heating Company, Inc., Philadelphia. 
After Dec. 1 he will be located at the Philadelphia office. Mr. 
Magalhaes brings to this new position two years’ experience with 
the Brooklyn Rapid Transit Company, a year’s experience with 
the General Railway Signal Company of Rochester on design 
and experimental work on automatic railroad alternating-current 
signals and approximately twenty years in the central station 
field since his graduation from the electrical engineering course 
of the Polytechnic Institute of Brooklyn. 

Cruarencr L. Law’s appointment as Acting General Com- 
merical Manager of The New York Edison Company has just 
been announced by the president, Matthew S. Sloan. Mr. Law 
is past-president of the Illuminating Engineering Society, a 
member of the Board of Governors of the Electrical Board of 
Trade of New York, vice-president of the New York Electrical 
League, and member of the American Association for the 
Advancement of Science. He is at present treasurer of the 
Illuminating Engineering Society, and an Officier de L’ Instruction 
Publique, Republic of France. 

O. Neepuam, formerly section engineer in charge of steel 
mill engineering, of the East Pittsburgh Works of the Company, 
has been appointed assistant superintendent, of the Testing 
Department, and Wm. B. Shirk will replace Mr. Needham as 
section engineer in charge of steel mill engineering. 


Obituary 


Earle N. Dillard, electrician for the Booth-Kelly Lumber 
Company, Springfield, Oregon and an Associate of the Institute 
since 1921 died as the result of a fall which he sustained from a 
pole on which he was changing a 2300-volt fuse for his com- 
pany. His fall which was caused by an electric shock resulted 
in concussion of the brain and internal injuries, from which he 
died two hours later. 


Mr. Dillard was born at Goshen, Oregon; he was but: thirteen 


years of age when, due to the death of his father, he was called 
upon to support his mother and three younger brothers. Not- 
withstanding this unusual responsibility he finished grade school 
and attended the University of Oregon at Eugene, where he ma- 
jored in engineering. After leaving school, he engaged with the 
Oregon Power Company, and in 1915 was chosen chief electrician 
of his present company. 


) 


Dec. 1928 


S. G. Rhodes, general superintendent of the Distribution and 
Installation Department of the New York Edison Company 
since 1921 and a Fellow of the Institute (1913), died suddenly at 
his home in Brooklyn, N. Y., November 22, of heart disease. 

Born in New York City, October 22, 1872, he was educated at 
Cooper Union, supplementing this schooling with private 
tutors. He specialized in higher mathematics under tutors 
from Columbia University. Entering the services of the New 
York Edison Company as a wireman September 1889, he worked 
his way up through the grades of foreman, general foreman, and 
others, until he reached the position which he held at his death. 
In 1920 he was appointed assistant to Dr. J. W. Lieb, then its 
vice-president and general manager, and in 1921 received his 
appointment as superintendent of the Distribution and Instal- 
lation Department. He had charge of the transmission and 
distribution cable systems of Manhattan, Bronx, and Yonkers; 
the Meter Department, involving installation, testing and main- 
tenance of meters in these areas; maintenance of service to cus- 
tomer’s installations; the lighting of the city streets and parks, 
and the Testing Laboratories of the company. During the World 
War, Mr. Rhodes took active part in the preparation of speci- 
fications for electrical material and apparatus for foreign service, 
under the direction of the War Department. He also helped 
prepare plans for the lighting and protection of New York. He 
was the author of a number of reports and papers read before 
technical associations. 

Among his activities in associations and clubs were membership 
‘as Fellow of the Illuminating Engineering Society; past-vice- 
president, director, and member of the New York Electrical 
Society; past-secretary, director, and member American Engi- 
neering Standards Committee; treasurer and member of the 
Executive Committee of the Empire State Gas and Electric 
Association; member, United States National Committee of the 
International Electrotechnical Commission, the National Electric 
Light Association; Association Edison Illuminating Companies, 
Illuminating Engineering Society of Great Britain, The Dutch 
Club, and The Engineers. 


Lauro G. Villanueva, electrical engineer for the Calles 
Dam Construction, Camp No. 1, Pabellon, Ags., Mexico, was 
electrocuted October 2, while in performance of his duties there. 
Mr. Villanueva, who had only recently become an Associate of 
the Institute, was born at Torreon, Coah., Mexico. He received 
his E. BE. from E. I. M. E., the Mexican college of first rank in 
electrical and mechanical engineering, and was afterward sent 
by the Mexican Bureau of Education to the Student Engineering 
Course of the General Electric Company, Lynn, Massachusetts. 


His degree of B. S. was granted him'in'1925 and his work during’ 


that year consisted chiefly of experience in street lighting and 
river work, the testing of automotive generators and motors, 
assembling and testing of d-c. and a-c. motors, meter and instru- 
ment tests, and the erection and test of steam turbines and alterna- 
tors. In 1926 he was transferred to the General Electric Com- 
pany’s service shop at Chicago, where he became experienced 
in maintenance and trouble shooting of electrical machinery. 
The following year he joined the J. G. White Engineering 
Company on the operation of the Calles Dam, directing the 
installation of generators and exciters, switchboards, the installa- 
tion and connection of motors for the crushing plant, lighting 
of plants, ete. For the purpose of operating machinery at a 
Diversion Dam, six miles from the seat of the work, Mr. 
Villaneuva undertook the stringing of a high-tension transmission 
line. It was on this line that he met his death. 


Adam Bosch, retired superintendent of the Newark Fire 
Department’s Telegraph System and a Charter Member of the 
Institute, died at his home in Milburn, N. J., October 23. Mr. 
Bosch was the first head of the Fire Company’s telegraph de- 
partment and at the time of his retirement in 1917, had served 
it for forty-one years. He started with it soon after its incep- 
tion and the first use of the telegraph system. He was born near 
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Landau, Germany, in 1840, and came to this country with his 
parents when eleven years of age. For eighteen years he lived 
in New York, being educated in the public schools and at Cooper 
Union, where he took a five year scientific course evenings; he 
was graduated in 1865. At that time, he was employed in the 
Lock Department of the Herring Company, New York, makers 
of safes. In 1869 he went to Newark and started a lock business 
of his own with his brother Henry. In this work, Mr. Adam 
Bosch perfected a burglar alarm, which he patented. In 1876 
he was appointed Superintendent of Telegraph for the Fire 
Department. For a while he continued his lock business, but 
subsequently gave it up to devote all interest and time to the 
Fire Department. Mr. Bosch was also a member of the Old 
Time Telegraphers and Historian Association. 


William S. Hearding, who recently joined the Circuit 
Breaker Engineering Department of the Westinghouse Hlectrie 
& Mfg. Co., East Pittsburgh, Pa., was killed while boarding 2. 
train October 13,1928. He was anative of Eveleth, Minnesota, 
and for four years attended the Electrical Engineering course at 
University of Michigan, receiving his degree of Bachelor of 
Science in Engineering in 1925. During his senior year, he was 
student assistant to Professor A. H. Lovell in a course on Power 
Plant economies, with some experience in the running of power 
tests and the study of conductor size and power plant installa- 
tion. Under Professor Lovell, he also redesigned the power 
house of the Kansas City Railway Company. In 1925 he 
became cadet engineer of the Brooklyn Edison Company and 
spent the last half of that year in the Outside Plant Bureau of 
Electrical Engineering Department doing work on load studies, 
economie size of substations, and economic size of cable for trans- 
mission feeeders and current carrying capacity under various 
conditions. His work prior to joining the Westinghouse Electric 
& Mfg. Co. was in the Electrical System Bureau of the same 
department doing economic studies. Mr. Hearding joined the 
Institute in 1926. : 


, Frank Casper Wagner, President of the Rose Polytechnic 
Institute was struck by an automobile November 21 and killed. 
Doctor Wagner, who was born in Ann Arbor, Michigan 1864, 
was chosen President of the Rose Polytechnic in 1923. An 
academic course at the University of Michigan was followed by a 
course in Mechanical Engineering and the winning of an A. M. 
degree in 1884 and B.S. in 1885. From 1886 to 1889 he was in 
the employ of the Thomson-Houston Electric Company as 
erecting engineer, and for the last 18 months of that time had 
charge of all its work in the Republic of Mexico. From 1890 to 
1896 he was Assistant Professor of Mechanical Engineering at the 
University of Michigan; Associate Professor in Steam and Elec- 
trical Engineering at Rose Polytechnic Institute from 1896 to 
1904 and from that date until his election as President, was 
Professor of Steam Engineering and Associate Professor of 
Electrical Engineering there. He was administrative engineer 
for Indiana in the United States Fuel Administration in 1918 
and the author of a book on applied electricity. Doctor Wagner 
joined the Institute as an Associate in 1909. 


Alfred Griffin Place, consulting electrical engineer of the 
Youngstown Sheet & Tube Company, Youngstown, Ohio, and, 
since 1914, an Associate of the Institute, died October 25 at the 
Youngstown Hospital, following an operation. He was a native 
of Woburn, Massachusetts, where he attended the local high 
school from which he was graduated in 1904. He then entered 
the Massachusetts Institute of Technology and was graduated 
from a course in Electrical Engineering in 1908. That same year 
he entered the employ of the Stone and Webster Management 
Association in Seattle, with the Seattle Electric Company and Pu- 
get Sound Traction Light & PowerCompany. In September 1912 
he became assistant chief electrician of the Youngstown Sheet 
and Tube Company, and has remained with it ever since. 
Mr. Place was at one time a resident of Seattle, Washington, 
but returned east to make his home in Boston, Massachusetts. 
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He was nationally known in the profession and was in charge 
of a force of 400 men, involving the supervision of the great 
variety of machinery used in the production of finished steel 
products including the operation and maintenance of 170 over- 
head cranes. 

Edgar Everett Stark, Fellow of the Institute since 1913, 
passed away suddenly while addressing at a Rotary dinner in 
Poultney, Vt., on July 26th. 

Mr. Stark was born in 1864 at Springfield, Ohio, and received 
his early edueation in the public schools of Cleveland. In 
1886 he was graduated from Case School of Applied Science with 
the degree of B. S., later taking his degree of EH. E. from the 
same school. His first years of work were spent in the employ of 
the Brush Electric Co., in Cleveland and New York. In 1895 
he entered the service of the Stanley Hiectric Mfg. Co. of 
Pittsfield, Mass. installing their machines in various parts of 
‘California, Canada and Mexico. In 1903 he went to New Zealand 
and it is there that his work is best known as designer and engi- 
neer of the Waipori Falls Electric Light and Power Co. of 
Dunedin, New Zealand, the first long distance hydroelectric 
transmission in that country. In 1915 he filled the position of 
electrical engineer for the City of Christchurch, where he re- 
mained until returning to America in 1920. For a short time 
Mr. Stark was with the Cleveland Electric Illuminating Co. 
retiring about four years ago he took up his residence in Rock- 
ledge, Florida. 

He was of a genial disposition and his sunny nature won many 
friends both in America and New Zealand. Mr. Stark joined 
the Institute in 1903. 

Charles Allen Wright, a member of the Institute since 1909, 
died October 22, 1928, in Lakewood, Ohio. 

Mr. Wright was born in Vicksburg, Mississippi, September 13, 
1884. He graduated from Tulane University as Bachelor of 
Electrical Engineering in 1906 and the degree of E. EK. was 
conferred in absentia in 1909. After a brief period in the U. S. 
Engineers Office at Vicksburg, and two years in the Testing De- 
partment of the General Electric Company of Schenectady, he 
went as instructor in electrical engineering to the Graduate 
School of Applied Sciences at Harvard, taking the degree of 
M. EH. HE. in 1910. The next five years were spent as telephone 
engineer with the American Telephone and Telegraph Company 
at New York. In 1915 Mr. Wright went back to teaching, 
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NEW YORK SECTION TO VISIT EDISON LIGHTING 
INSTITUTE 

On Friday, December 14, 1928 the New York Section of the 
Institute will hold a meeting at the Edison Lighting Institute, 
Harrison, N. J. The evening will be devoted to a talk on the 
“More Recent Developments in the Lighting Field,’ by A. L. 
Powell, manager Engineering Dept., Edison Lamp Works of 
G. E. Co. Mr. Powell’s talk will be accompanied by novel and 
spectacular demonstrations, showing effects of color on surround- 
‘ings, street lighting, floodlighting, ete. The meeting will be 
preceded by a dinner at the Edison Lighting Institute. Com- 
plete details will be given in a notice shortly to go to the Section 
membership. 


FUTURE SECTION MEETINGS 
Cleveland 
Joint meeting with Cleveland Chapter, Illuminating Engineer- 
ing Society. Electric League rooms, Hotel Statler. December 
13. 
Characteristics and Limitations of Insulating Material for 
Power Cables, by E. M. Davis, Ass’t Chief Elec. Engr., Simplex 
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serving as Professor of Electrical Engineering at Iowa State 
College, Ames, Ia. (1915-18); Carnegie Institute of Technology, 
Pittsburgh, Pa. (1918); and Ohio State University, Columbus, 
Ohio (1918-26). In 1926 he was ealled to take charge of the 
Radio Division of the National Carbon Company Research 
Laboratories at Cleveland, Ohio, a position he held to the 
time of his death. 

Mr. Wright’s chief technical interests were in the field of 
communication, first in telephone and then in radio. He made 
numerous contributions to technical literature, his book, 
“Telephone Communication” being published in 1925. While at 
Chio State University, he was in charge of the Department of 
Communication and directed the work of the University radio 
station WEAO. He took an active part in the meetings, dis- 
cussions, and committee work, of the Institute, the Institute 
of Radio Engineers, and the Society for the Promotion of Engi- 
neering Education. At the time of his death, he was a Reserve 
Officer in the Signal Corps with the rank of Captain. He was 
transferred from Associate to Member of the Institute last year. 


Addresses Wanted 


A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any other member know- 
ing the present address of any of these members is requested to 
communicate with the Secretary at 33 West 39th St., New York. 

All members are urged to notify Institute Headquarters 
promptly of any changes in mailing or business address, thus 
relieving themselves of needless annoyance and assuring the 
prompt delivery of Institute mail through the accuracy of 
mailing records; also the elimination of unnecessary expense ‘or 
postage and clerical work: 


Benjamin Brown, 609-7th Ave., N. Great Falls, Mont. 

Frederick R. Fowler, Box 82, Big Creek, Calif. 

Dorgival G. Mororo, Rua Barao Do Triumpho 451, Brazil, 
South America. 

Michael Salvatore, 152 N. 53rd St., Philadelphia, Pa. 

S. Stangeby, Ausable Forks, N. Y. 

Ralph R. Wright, 950 30th St., Oakland, Calif. 

P. M. Wu, 76 N. 5th St., Newark, N. J. 


FU 


Wire and Cable Co. 
January 17. 


Electric League rooms, Hotel Statler. 


Columbus 


Television, by Dirk Schregareus, Transmission Engr., Ohio 
Bell Telephone Co. January 4. 

Aerial Photography, by Capt. A. W. Stevens, Chief Aerial 
Photo Branch, Wright Field. Joint Dinner Meeting with 
A.S.M.H. January 25. 


Pittsburgh 


Facsimile Picture Transmission, by Dr. Dayton Ulrey and 
Dr. V. Zworykin, Research Dept., Westinghouse Electric & 
Mfg. Co. December 11. 

Our Opportunities for Service through the Institute Section, by 
R. F. Schuchardt, National President, A. I. E. E. Dinner 
meeting. January 8. 

Seattle 

Engineering Features of A-C. Networks, by M. T. Crawford, 
Supt. of Distribution, Puget Sound Power & Light Co., and 
W. J. McKeen, Ass’t Supt., City Light Dept., City of Seattle. 
December 18. 


Dee. 1928 


Address by an Engineer of the American Telephone & Tele- 
graph Co. January 15. 
Vancouver 
High-Frequency Bridge Measurements, by Dr. H. Vickers, 
University of British Columbia. January 8. 
Washington 


Principles of the Mechanical Telephone, by E. H. Goldsmith, 
Engr., New York Telephone Co. December 11. 
Regular Meeting. January 8. 


OPPORTUNITIES FOR THE YOUNGER MEMBERS IN 
SECTION MEETINGS 

At a meeting of the St. Louis Section, September 19, 1928, 
C. P. Potter, Chairman of the Section, gave an address on the 
subject ‘‘Does the Institute Accomplish Its Object?” in which 
he discussed briefly the Institute activities through which the two 
objects stated in the Constitution are constantly being attained, 
and considered more fully methods by which a third object,—7. e., 
the development of the individual engineer,—can best be attained. 
The substance of his remarks on this latter object is given in the 
following paragraphs. 

The Institute keeps the individual member informed of the 
latest developments in the industry, provides a place where he 
may listen to talks on engineering subjects or take part in their 
discussion, and become acquainted with engineers whom he 
might not otherwise meet. There is no better way to to do this 
than by serving on Section committees, usually composed of 
men who have proved by consistent attendance at meetings 
that they are genuinely interested in Institute affairs. 

At the present time most of the papers are presented by men 
who are recognized authorities on the subjects under considera- 
tion. Too little effort is made to induce men who are not so 
far advanced in the profession (especially the younger men) 
either to present papers or to discuss those presented by others. 
Many times these men feel that questions which they would like 
to ask might seem ridiculous or betray ignorance of a subject 
with which they should be acquainted. The result is that they 
never take part in the discussion and probably never will unless 
the officers of the Section plan meetings with this point in mind. 

One method which might be used to get the younger engineers 
on their feet is to have three or four speakers in one evening, 
who would deal with the different phases of the same subject. 
For instance, at the beginning of the year one evening might be 
devoted to a résumé of the year’s achievements in the electrical 
engineering field, and the general subject could be subdivided so 
that each of three or four men could have a perfectly definite 
field for his discussion. Such papers could be prepared very 
readily by the younger men, and would no doubt serve to draw 
them into the preparation and discussion of others. 

Another plan which might be effective is to have a debate 
on some civic question with that question argued by at least two 
or possibly three men on each side. For instance, it might be 
possible to have a debate dealing with a proposed electrification 
of the railways entering St. Louis or the relative merits of the 
location of the street car tracks on Delmar Avenue between 
Kingshighway and Clara as compared with the arrangement 
ordinarily used. Various subjects of a general nature would 
no doubt be readily available, and the debating of such questions 
would be very good experience for some of our young engineers. 

There certainly are men in our own Section who are thoroughly 
competent to present papers of real value and interest and who 
have never been asked to do so. These men should be called 
upon in preference to those from outside the Section. Papers 
which have been presented in the past by those who have come 
from a distance have been enjoyed very much, and similar 
papers in the future will be appreciated; but the opportunities 
for the development of our own local men should be kept in 
mind. 
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Each member of the Section who is requested to participated 
in a meeting should do so willingly and there should be free 
discussion of all papers. Each member should try to get 
the greatest possible benefit from the Section activities. The 
Executive Committee will welcome suggestions and constructive 
criticism. 


SECTION ORGANIZED AT HOUSTON, TEXAS 

A petition for the formation of a Section at Houston, Texas, 
was approved by the Board of Directors on August 7, 1928. 
The first meeting of the Section was held on October 17, and the 
following officers were elected: Claude A. Williamson, Chairman; 
L. K. Del Homme, Secretary-Treasurer. At a meeting held 
on November 14, By-laws were adopted, and the Program Com- 
mittee announced a tentative program for the year. A paper 
entitled Repairs to Electrical Machinery was presented by A. C. 
Kater, President, Houston Armature Works. 


PAST SECTION MEETINGS 


Akron 


Inspection trip through the coke plant and rolling mill section of 
the Central Alloy Steel Company, Massillon, Ohio. October 
12. Attendance 90. 
Boston 


Inspection trip to Ashmont Street Automatic Substation of the 
Boston Elevated. October 6. Attendance 125. 


Cincinnati 
Some Studies in Radio and Carrier Communication, by G. F. 
Lampkin, graduate student, University of Cincinnati. 
October 16. Attendance 16. : 
Cleveland 
Union Terminal Electrification, by H. W. Pinkerton, Ass’t. Elec. 
Engr., Cleveland Union Terminal Co. Illustrated with 
slides. A dinner preceded the meeting. October 18. 
Attendance 186. 
Connecticut 
Electric Welding of Steel Bridges and Buildings, by Frank P. 
McKibben, Consulting Engr. October 15. Attendance 81. 


Dallas 
The Cooperative Plan of Engineering Education, by E. H. Flath, 


Dean of Engg., Southern Methodist University. October 
15. Attendance 42. 


Detroit—Ann Arbor 


Lightning Protection for Transmission Lines and Apparatus, by 
IK, MecHachron, Research Engr., General Electric Co. 
October 23. Attendance 90. 


Erie 
Power Transformers and Developments of Recent Years, by F. F. 


Brand, General Electric Co. Illustrated with slides. Octo- 
ber 16. Attendance 60. 


Fort Wayne 


The Heating of Homes by Electricity, by B. R. Green, Sales Dept., 
Hall Electric Heating Co., and P. 8S. Lyon, Chief Engr., 
Hall Electric Heating Corp. October 25. Attendance 50. 


Houston 


Organization Meeting. The following officers were elected: 
Chairman, C. A. Williamson; Secretary-Treasurer, L. K. 
Del’Homme. The meeting was preceded by a dinner. 
October 17. Attendance 29. 


Ithaca 


Some Operating Problems in Connection with Generating and 
Transmission Systems, by H. C. Don Carlos, Chief Operating 
Engr., Hydro-Electric Power Commission of Ontario. 
Ata lecture in the morning Mr. Don Carlos addressed about 
75 students on the Hconomical Use of Available Water at 
Niagara Falls for Power Generation. November 9. At- 
tendance 40. 


Illustrated with slides. 


Kansas City 
Engineers in Business, by W. Jack Squire, Consulting Engineer, 
and 
Progress in the Mastery of Lightning, by F. W. Peek, Jr., General 
Electric Co. Shdes and moving pictures were shown. 
October 17. Attendance 200. 
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Lehigh Valley 


Inspection trip through the Plymouth Meeting Substation of the 
Philadelphia Electric Co. Joint with Engineers’ Club of 
the Lehigh Valley. September 29. Attendance 85. 


Los Angeles 


System Stability As a Design Problem, by R. H. Park and E. H. 
Bancker, General Electric Co., and 

Sphere-Gap and Point-Gap Arc-Over Voltage as Determined by 
Direct Measurement, by J. S. Carroll, Ass’t. Professor of 
Elec. Engg., Stanford University, and Bradley Cozzens, 
Research Kngr., Bureau of Power & Light. Illustrated with 
slides. The meeting was preceded by a dinner. October 
2. Attendance 93. 


Inspection trip to the new automatic mercury are power rectifier 
substation of the Los Angeles Railway at Inglewood. 
October 6. Attendance 47. 


Lynn 


Motion pictures, entitled respectively ‘‘Story of Gasoline” and 
“Story of Lubricating Oil,’ were shown. October 24. 
Attendance 125. 


The Old and the New, by L. T. Robinson, General Electric Co. 
This talk covered series are lamps, small belted generators 
of 35-kw. capacity, the development of a-c. generators, 
transformers, single-phase motors, power for electric rail- 
ways, and the introduction of railway motors. In con- 
clusion Mr. Robinson outlined the principles involved in the 
talking moving picture and the electrical reproduction of 
sound from phonograph records. November 7. Atten- 
dance 150. 


Madison 


Banquet, after which the following talks were given: The Obliga- 
tions of the Engineer and What the Engineering Student May 
Expect after College in the Various Branches of Engineering 
Work. The speakers leading the discussion were: R. F. 
Schuchardt, National President, A. I. EK. E.; Prof. Edward 
Bennett, Head, Dept. of Elec. Engg., University of Wis- 
consin; C. B. Hayden, Principal Ass’t. Engr., Wisconsin 
R. R. Commission; Prof. C. M. Jansky, Dept. of Elec. 
Engg., University of Wisconsin; T. A. Brown, Supt. of 
Distribution, Madison Gas and Electric Co.; H. P. 8. Day, 
Wisconsin Telephone Co.; EH. W. Odbert, Chairman, 
University of Wisconsin Branch, A. I. HE. E., and E. A. 
Weener, Student. Joint meeting with University of 
Wisconsin Branch. October 23. Attendance 110. 


Minnesota 


Electricity in Europe and America, by J. W. Lapham, Secretary, 
North Central Electric Association. Illustrated with 
slides. October 22. Attendance 40. 


Pittsburgh 


Railroad Electrification, by F. H. Shepard, Westinghouse Electric 
& Mfg. Co. Motion pictures. Joint meeting with the 


PAT 


STUDENT ACTIVITIES AT THE ATLANTA REGIONAL 
MEETING 

The opening session of the Regional Meeting of the Southern 
District, held in Atlanta October 29-31 and reported more fully 
elsewhere in this issue, was devoted to a program prepared by 
the District Committee on Student Activities, including talks on 
the general subject Student Activities, and also some technical 
papers. Professor Earle S. Hannaford, Chairman of the 
District Committee on Student Activities, presided and C. O. 
Bickelhaupt, Vice-President, Southern District, gave a brief 
address of weleome. President Schuchardt was then introduced 
by Vice-President Bickelhaupt, and spoke of the fine character 
of the program prepared for the entire meeting, saying that he 
particularly liked the feature of having one session devoted to 
student papers. He urged that the practising engineers and 
students mix a great deal more at all such meetings. Chairman 
Hannaford introduced National Secretary F. L. Hutchinson, 
who stated that the Student Activities of the Institute have 


INSTITUTE AND RELATED ACTIVITIES 


SUV UU UCU ECC eee eee eee eee ee 


A. 1. E. E. Student Activities 


MM EET 


Journal A. I. E. EB. 


Electrical Section, Engineers Society of Western Pa. 
October 16. Attendance 106. 


Rochester 


Televor, by J. L. McCoy, Westinghouse Electric & Mfg. Co. 
Joint meeting with Rochester Engineering Society, Institute 
of Radio Engineers and Rochester Chamber of Commerce. 
October 19. Attendance 1450. 


St. Louis 


Fractional-Horsepower Motors, by P. W. Baker, Wagner Electric 
Corp. Illustrated with slides. October 17. Attendance 
95. 


San Francisco 


System Stability as a Design Problem, by R. H. Park and C. A. 
Nickle, Engg. Dept., General Electric Co. September 21. 
Attendance 80. 

Inspection trip through plant of the Pacific Electric and Mfg. 
Company, preceded by a dinner at which Roy Wilkins, 
Engr., gave an illustrated talk on “History of Oil Cireuit 
Breakers.’’ October 26. Attendance 205. 


Schenectady 


Bugs, by Dr. W. R. Whitney, Vice-President, General Electric 
Co. October 19. Attendance 400. 

Fundamentals of Electric Distribution Practise and Economics, 
y D. K. Blake, Central Station Engg. Dept., General 
Electric Co. November 2. Attendance 150. 

Professional Progress; Positive and Negative, by Alex Dow, 
National President, A. S. M. E., and President, Detroit 
Edison Co. November 9. Attendance 200. 


Seattle 


Some. Features of Hydroelectrical Design, by A. F. Darland, 
Supt. of Electrical Construction, City of Tacoma. October 
16. Attendance 88. 


Toledo 


Street Lighting, by K. M. Ried, Nela Park. 
slides. October 26. Attendance 32. 


Illustrated with 


Toronto 


Motor Drives for Paper Mills, by A. B. Gates, Canadian General 
Electric Co. October 26. Attendance 65. 


Vancouver 
Inspection tour of New Technical School, conducted by J. G. 


Lister, Principal. The meeting started with a dinner in the 
School Cafeteria. November 6. Attendance 37. 


Washington 


The Problem of Superimposed Communication Facilities, by 
Major C. W. Green, Bell Telephone Laboratories. A dinner 
preceded the meeting. October 9. Attendance 258. 


i 


TT 


always been considered of great importance by the Board of 
Directors, and spoke briefly of the recent developments. He 
then introduced H. H. Henline, Assistant National Secretary, 
who gave a talk on the subject ‘‘Student Activities.” 


Chairman Hannaford announced that a cup would be awarded 
to the student who presented the best paper and that the decision 
would be made by the following judges: H. P. Charlesworth, 
Chairman, Meetings and Papers Committee; H. L. Wills, 
Chairman, Atlanta Section; and H. H. Henline, Assistant 
National Secretary. 


During the presentation of the following program, Chairman 
Hannaford requested the Counselor of each Branch represented 
to introduce the speaker. 


Student Activities, Samuel Evans, Chairman, University of 
Louisville Branch. 


Electric Power in North Carolina, O. M. Carpenter, Chairman, 
North Carolina State College Branch. 


Dee. 1928 


Student Activities, R. S. Kersh, Chairman, A. & M. College of 
Mississippi Branch. 

Transient Nature of Surges, Oscillations and Traveling Waves in 
Commercial Telephone and 110 K.V. Power Lines, Edgar R. 
Hauser, Alabama Polytechnic Institute. 

Local Branch Constitutions and By-Laws, Their Scope and 
Application, Edw. M. Burn, Chairman, Georgia School of 
Technology Branch. 

Although all the papers were well presented and contained 
very interesting material, the judges, after giving due weight to 
all the factors which they thought should be considered in ar- 
riving at a selection of the best paper, decided unanimously 
that the cup should be awarded to Samuel Evans, Chairman of 
the University of Louisville Branch, for his talk entitled 
“Student Activities.”” The cup, which was a gift of the Okonite 
Company of Atlanta, was presented to Mr. Evans at the opening 
of the General Session on Monday evening. 

At a luncheon meeting of Counselors, Branch Chairmen, and 
others interested in Student activities, held on Tuesday, several 
subjects were discussed, including Section and Branch cooper- 
ation, Student Conventions in District No. 4, and delegates 
to District Conferences on Student Activities. President 
Schuchardt emphasized the great importance of the cooperation 
of engineers with educators and students, and said Sections and 
Branches that are close together are missing a tremendously 
fine opportunity if they do not hold joint meetings at least 
occasionally. 

The Counselors held a business session on Wednesday morning, 
at which Professor W. J. Seeley, Counselor of the Duke Univer- 
sity Branch, was elected Chairman of the District Committee 
on Student Activities for the year beginning August 1, 1929, 
and Counsélor Delegate to the 1929 Summer Convention. 
It was decided that the next District Conference will be 
held at the University of Virginia during the Fall of 1929, the 
exact date to be determined later. It was considered desirable 
that each Branch make local arrangements, if possible, for 
sending a Junior to the District Conferences. A motion was 
passed expressing appreciation of the excellent work done 
during the past year by Professor Earle S. Hannaford as Chair- 
man of the Committee on Student Activities. 


STUDENT ACTIVITIES! 


By Samvug. Evans? 
Enrolled Student 


I. Tse NeEep or StupEent ACTIVITIES 


In the beginning when man-made schools began shaping 
their human. output into units of definite engineering value to 
society, it became evident that a course in engineering, be it ever 
so all-encompassing, was not complete without profitable digres- 
sions from the theoretical to the practical. As this conviction 
became more prevalent, steps were taken to include activities 
in the curriculum that provided for the building of character, 
the development of leadership, and a pride in the chosen pro- 
fession. Student activities were also formed from which it 
was hoped that students would absorb an antitoxin for the ills 
to be encountered in their own industrial careers. Men have 
found that the burdens of actual life fit with admirable snugness 
into the impressions left by student-society responsibilities. 

The benefits to be derived from student activities are manifold 
and far-reaching. Dramatics teaches a student to play the 
part despite any variance of the sentiment of the play with that 
of the player. Stage work entails the death of stage fright, a 
nonchalant inurement to the criticism of lookers, and an un- 
affected simplicity of expression that proves invaluable to an 
ingenious business man. 

1. An abridgment of a paper presented at the Student Activities 
Session of the Regional Meeting of the Southern District, held in Atlanta, 
October 29-31, 1928, for which the author was awarded the cup offered for 


the best paper. 
2. Chairman, University of Louisville Branch. 
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Athletics teaches the necessity of unity in concerted action, 
a spirit of fairness and tolerance towards one’s adversaries, and 
a whole-hearted loyalty to a cause. 

Art teaches a love of the beautiful, an appreciation of a worthy 
technique and an eye trained in the appraisal of proportion. 
A man who lacks the sedative influence of a love of beauty or 
with no sense of proportion will not attain success because of his 
lack of an ideal and his inability to evaluate. 


Il. Tauren REASONS FoR STUDENT ACTIVITIES IN THE 
ELEectTRICAL ENGINEERING PROFESSION 


There are three main reasons for having student activities 
in connection with the electrical engineering profession. These 
are: first, professional association; second, instructive observa- 
tion; and third, individual development. A man’s association 
has a great influence upon his actions, his speech, and even his 
mode of mental attack. It aids him in the acquisition of what 
might be called a professional attitude. It also leads to the 
growth of a respect for the chosen profession. 

A similar interest should be taken in instructive observation 
and individual development. A student in his scholastic work 
needs mental pictures of engineering objects about which the 
problems which he has to solve are constructed. These mental 
pictures taken from retinal negatives, act as drying-racks for 
fresh theoretical ideas. Many schools of today are including 
in their curricula, methods for giving the student the retinal 
negatives from which the mental pictures are made permitting 
the student to enjoy alternate periods of study and observation. 


Of the three reasons for having student activities, the third 
is perhaps the best. A young man who expects to take the lead 
professionally, socially, and economically, must form habits of 
mind, and develop fixed traits of character and definite methods 
of execution. He must learn to grasp a situation with ease and 
think rapidly in a technical manner, checking results where 
possible, still being able to discuss or explain in non-technical 
terms to a person of lesser technical knowledge his conclusions 
and his methods of arriving at them. 


IME. 


It might be well here to give some idea of what the students 
of the Speed Scientific School of the University of Louisville 
have been doing since the organization of its Student Branch 
of the A. I. EK. E. about a year ago, and what it intends doing in 
the future. It began by having one night meeting every month 
to which outside speakers were invited, including moving pictures, 
slides, and other types of illustrations. Later the executive 
committee deemed it necessary to have afternoon meetings as 
well. At these meetings papers prepared by the students were 
presented. T'wice the Student Branch was invited to attend the 
local Section meetings, and upon one of these occasions, made 
inspection trips through the Waterside Plant of the Louisville 
Gas and Hlectric Company. Programs, in the future will consist 
of subjects taken from the three branches of power,—generation, 
transmission, and distribution. It was decided at this meeting 
also to take inspection trips to such places of engineering interest 
as the Dix River Power Plant of the Kentucky Utilities Com- 
pany, the James Clark Electric Manufacturing Company, ete. 


SrupEntT ACTIVITIES AT THE UNIVERSITY OF LOUISVILLE 


In the Speed Scientific School, there are four societies in 
active operation. They are the Speed Scientific Society, the 
Student Branch of the A. S. M. E., the Chemical Engineering 
Society, and the Student Branch of the A. I. E. E. Due to the 
fact that members of some of these socieites are also members 
of the other organizations, a Society Governing Board was 
established to have jurisdiction over the meetings of the socieites. 
This board is composed of the chairman of each society and the 
chairman of the program committee of each. The societies of the 
Speed School look forward to a very prosperous year under the 
present plan of operation. The societies have decided to take 
the longer trips of observation together so as to cut-down the 
expense per head by increasing the number of heads. 


BRANCH MEETINGS 


Municipal University of Akron 

Experiences with Motors, by Mr. Hartman; 

A Visit to a Power Station at Niagara Falls, by Mr. Tinley, and 

Demonstration of the Schaefer Prone Pressure Method of Resuscita- 
tion, by P. W. Bierman and L. T. Rang, Students. Reports 
of Treasurer, Chairman of Membership Committee, and 
Chairman, Meetings and Papers Committee. October 11. 
Attendance 21. 


Alabama Polytechnic Institute 

What is Expected of the Young Engineer, by J. R. Alexander. 
Announcements regarding Atlanta Regional Meeting. 
October 11. Attendance 35. 

The Vitaphone, by E. R. Jones, Student; 

The Generating Equipment at the Hell Gate Station, by W. L. 
Cochran, Student; 

Manufacture of Brick, by T. G. Barineau, Student, and 

Experiences with Arc Welding, by EH. Walters. J. J. O’Rourke 
was elected reporter to the ‘‘Auburn Engineer.”’ October 
18. Attendance 49. 

Supervisory Control, by Mr. Sharit, Alabama Power Co.; 

The Operation of an Ice Plant, by O. W. Baird, Student; 

High-Tension Lines from the Conowingo Plant, by O. T. Allen, 
Student, and 

The Problem Confronted with Line Surges, by EH. R. Hauser. 
October 25. Attendance 38. 

Monoplane Construction, by C. C. Pierce, Student, and 

Summer Experience with a Line Construction Gang, by H. T. 
Drane, Student. W. P. Smith, Chairman, gave a report 
upon the Regional Meeting in Atlanta. H.T. Drane was 
elected Plainsman Reporter. November 1. Attendance 41. 


University of Arizona 
Business Meeting. September 29. Attendance 9. 


Report on Summer and Pacific Coast Conventions, by Prof. J. C. 
Clark, Counselor, and 


Report on Pacific Coast Convention, by Jack Hopper, Chairman. 
October 3. Attendance 10. 


Armature Winding, by Gene Magee, Student. October 10. 
Attendance 10. 

Moving Pictures. October 17. Attendance 8. 

Railway Electrification, by H. Soliday, Student. Moving pic- 
tures on same. October 24. Attendance 10. 

Hyperbolic Angles, by Geo. Linn, student. October 31. At- 


tendanee 10. 


Motion picture, entitled ‘‘The Single Ridge,’ was shown. 
November 7. Attendance 14. 


University of Arkansas 
A, B, and C Amplifiers, by Mr. Barton, Student. 
Attendance 13. 
Three-Phase 110-220 Metering, by B. H. Dorman, Student, and 


The Levee Work on the Mississippi River, by T. L. Peters, Student. 
November 9. Attendance 8. 


Armour Institute of Technology 
The Technical Man in Industry, by Fred Schmidt, Personnel 
Dept., Western Electric Co. October 15. Attendance 105. 
The Vitaphone and Movietone, by Robert Burns, Technician 
with Warner Bros. Slides and exhibits. October 29. 
Attendance 110. 


Brooklyn Polytechnic Institute 

College Education as You Get It, and What You Will Do with It, by 
Dean A. A. Potter of the Schools of Engineering at Purdue 
University, and 

Review of the History of the Engineering Societies of America, by 
Ernest Hartford, Assistant Secretary, A. S. M. BE. Third 
annual joint meeting, Branches A. [. EK. H., A. S. M. E., 
A.S.C. EH. and A. I. Ch. E. October 5. Attendance 75. 


Bucknell University 
Illuminating Engineering, by R. M.Swetland, ’23, General Electric 
Co. Refreshments served. October 23. Attendance 48. 
University of California 


Trip to Big Creek Power Houses and the Yosemite National Park, 
by N. C. Clark, Student. Brief talks by Mr. Morgan and 
Mr. Leubeke. Prof. T. C. McFarland, Counselor, gave a 


October 25. 
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short talk and distributed forms to be filled out by the men 
indicating their preferences of subjects and their desires to 
give student papers at the meetings. October 24. At- 
tendance 43. 


Carnegie Institute of Technology 
History and Purpose of the A. I. E. E., by Prof. B. C. Dennison, 
Counselor. He also explained Student enrolment. Prof. 
W. R. Work, Head of the E. E. Dept., urged more active 
participation on the part of the students in the presentation 
of papers at the meetings of the Branch. Refreshments 
served. October 10. Attendance 46. 


Case School of Applied Science 


Faculty members and students spoke on experiences. Com- 
mittees appointed. Dinner preceded the meeting. October 
23. Attendance 30. 


Catholic University of America 


The President welcomed the new students, outlined the purposes 
and aims of the Branch, and announced plans for the year. 
A prize will be given at the end of the year for the best 
student paper. Refreshments were served. October 24. 
Attendance 20. 


Clarkson College of Technology 
Banquet and Social Meeting. October 23. Attendance 50. 


Clemson College 


A brief outline of the Regional Meeting held in Atlanta was given 
by Laird Anderson, Chairman. Reports of the different 
sessions were given by students who had attended as follows: 
Student Activities Session, J. F. Callaham; Power Develop- 
ment Session, R. L. Sweeny; General Session, M. A. Wackym; 
Communication and High Voltage Session, L. E. Marshall; 
Inspection Trips, W. P. West; and Dinner Dance, C. S. 
Lewis. Prof. S. R. Rhodes, Counselor, made a few remarks 
about the general nature of the meeting in Atlanta. Novem- 
ber 8. Attendance 31. 


University of Colorado 
Principles of Banking, by J. H. Gibson, First National Bank of 
Boulder. October 31. Attendance 40. 
University of Denver 
Motion picture, ‘‘The Power Transformer.”’ 
Attendance 28. 
University of Detroit 


Electric Arc Welding, by H. M. Doud, General Electric Co. 
Motion pictures on Automatic Are Welding as Applied to 
Generators and Motors. Luncheon preceded the meeting. 
October 25. Attendance 47. 


Duke University 


Inductive Interference, by William Cranford, Chairman. 
mittees appointed. October 26. Attendance 22. 


October 19. 


Com- 


University of Florida 


Representatives of Branch instructed to extend invitation at 
Atlanta that next Conference on Student Activities of 
District No. 4 be held in Gainesville. Discussion by Prof. 
J. M. Weil, Counselor, of plans for future meetings. Octo- 
ber 8. Attendance 19. 


Kansas State College 


Business Meeting. Nomination of officers. Constitution and 
eae adopted. September 20, afternoon. Attendance 


Summer Experiences with Western Electric Company, Chicago, 
by R. L. Miller, Student; and 

Summer Experiences with the Southwest Bell Telephone Company, 

' Kansas City, Mo., by E. Skradski, Student. Talk by Frof. 

R. G. Kloeffler, Counselor, on the advantages of connection 

“ae the A. I. E. E. September 20, evening. Attendance 


Current Events, by Mr. Ankenman, and 


Summer Experience with Western Electric Co., by Mr. Breneman. 


Film, ‘‘Fifty Years of Telephone Progress.’’ Election of 


officers. October 4, afternoon. Attendance 75. 


Current Events in the Field of Engineering, by C. E. Pickett, 
Student, and 

Experiences with Westinghouse Electric & Manufacturing Com- 
pany, East Pittsburgh, Pa., by A. W. Broady, Student. 
Motion picture, “Fifty Years of Progress in Telephony.” 
October 4, evening. Attendance 80. 
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University of Kansas 


Research Work on a New Type of Radio Tube, by Norville Douglas. 
Dean G. C. Shaad, Counselor, gave a talk on the activities 
of the A. I. EK. E. Election of freshmen representatives. 
November 1. Attendance 33. 


University of Kentucky 


Prof. W. EH. Freeman, Counselor, gave an illustrated talk on the 
equipment of the all-electric ship, California. October 17. 
Attendance 41. 


Film, “The Single Ridge.” October 31. 


Lafayette College 
Business Meeting. October 27. Attendance 21. 


Lehigh University 


Electricity in the Steel Industry, by D. M. Petty, ’09, Supt., 
Elec. Dept., Lehigh Plant, Bethlehem Steel Co. Chairman 
S. R. Van Blarcom announced prize of $10 to be given for 
best student paper presented during the year. Distribution 
of copies of Branch Constitution which will be voted upon 
at the next meeting. Short talks by Prof. 8S. S. Seyfert, 
Acting Head, Elec. Engg. Dept., and Prof. J. L. Beaver, 
Counselor. October 25. Attendance 102. 


Lewis Institute 


Business Meeting. Leo Weinshank elected Secretary. Plans 
for the year discussed. October 12. Attendance 12. 
Talks by A. Gaimari, Chairman, A. I. E. E. Branch, and the 

Chairman of the W. 8S. E. Branch, on advantages of enrol- 
ment in the societies. Prof. J. G. Bennett urged the stu- 
dents to join the engineering societies. October 26. At- 

tendance 96. 


Louisiana State University 


Business Meeting. Election of officers. October 10. Atten- 
dance 15. 


Attendance 40. 


University of Louisville 

The Scenic, Industrial and Power Phases of Niagara Falls, by 
Philip N. Fleck, representative of the Niagara Falls Chamber 
of Commerce. Slides. 

The Queenstown Power Plant, by E. W. Davis, Student, and 

The Conowingo Power Plant, by T. M. Davis, Student. Pictures. 
October 18. Attendance 25. 

Ideas of Perpetual Motion, by J. F. Rinke, Student, and 


Student Enrolment in the A. I. HE. E., by Prof. D. C. Jackson, Jr., 
Counselor. October 25. Attendance 15. 


University of Maine 

Films, ‘‘The Busy Body” and ‘‘Making of Mazda Lamps.” 
Committees were elected. Refreshments were served. 
October 25. Attendance 30. 

Summer Work with the Bangor Hydro-Electric Co., by K. W. 
Downing, Student. Films, “‘Ties of Steel’ and ‘‘The Kat 
and the Kit.”” November 8. Attendance 32. 

Massachusetts Institute of Technology 

What the Young Graduate May Expect upon His First Entrance 
into the Industry, by R. E. Doherty, Consulting Engr., 
General Electric Co. Two-reels on research work and 
industrial practise in the General Electric Company’s 
plants. Dinner preceded the talk. October 19. At- 
tendance 290. 

: University of Minnesota 

Talks on the A. I. E. E. by Professors J. M. Bryant, Head, 
Dept. of Elec. Engg., and J. H. Kuhlmann, Counselor. 
Two reels “‘Queen of the Waves.” Short entertainment. 
October 24. Attendance 90. 


Mississippi A. & M. College 
Electric Arc Welding, by H. F. Barksdale, Student, and 
New Low-Voltage Cutout, by L. L. Stokes, Student. October 25. 
Attendance 15. 
University of Missouri 
Business Meeting. Election of officers. 
Membership and Program Committees. 
Attendance 38. 
Montana State College 


Martin Fjeld, Chairman, reported on the Pacific Coast Conven- 
tion. Election of members of Executive Committee. 
M. Pakala elected to Engineering Council. October 18. 
Attendance 82. 


Appointment of 
September 24. 
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Subsiations Passing Out, by Stewart Gregg, Student (from A. I. 
HK. E. Journat, July 1928). 

Redetermination of Values of Electrical Units, by Ronald Gary, 
Student. (From A. I. E. E. Journat, August 1928). 
October 25. Attendance 74. 

Future Progress in Television, by C. Perleberg, Student (From 
paper by Hugo Gernsback in Radio News for November). 

Marvels of the Ultra Sound Waver, by W. Crumley, Student. 
rem paper by R. E. Wailes in Science & Invention, May 

928). 

Super-Excitation of Synchronous Condensers, (From paper by 
D.M. Jonesin A. I. E. E. Journau, May 1928). November 
1. Attendance 78. 

Radio Movies from KDKA, by Frank Brown, Student. 
Radio News, November 1928). 

The New Three-Power Locomotive, by James Woodrow, Student. 
(From General Electric Review, July 1928). 

Coal Mining with Electricity, by Matt Pakala, Student. 
ber 8. Attendance 79. 


University of Nebraska 


Talks by Lynn Anderson, John Byron, Philip Fink, Richard 
Reed and Herbert Spencer, Students, on summer employ- 
ment. October 11. Attendance 36. 


Metering, by F. C. Hush, Iowa-Nebraska Light and Power Co. 
Illustrated with various types of meters. November 1. 
Attendance 24. 


Newark College of Engineering 


New Code Laws, by G. Davis, Davis Electrie Co. 
Attendance 24. 

Mercury Arc Rectifiers, by H. Becker, Student, and 

Marine Cable, by M. Slurzberg, Student. Committee of four 
students appointed to select the best student paper pre- 
sented during the year. November 5. Attendance 24. 


(From 


Novem- 


October 22. 


University of New Hampshire 


Giving a Voice to the Movies, by J. Q. Wendell, Student. (From 
the Scientific American). 
Hollow Spun Concrete, by M.S. Hodgdon, Student. October 6. 


Attendance 22. 


College of the City of New York 
Inspection trip to Diesel Power Plant, Church E. Gates & Co. 
October 15. Attendance 35. 
Motion picture, ‘‘The Single Ridge.” 
Attendance 24. 


(Three reels). November. 


New York University 


Motion picture, ‘“‘Electrical Measurements.”’ 
October 8. Attendance 23. 

Wire Line Terminating Equipment of Transatlantic Telephony, 
by E. M. Squire, Student. Film, ‘‘The Story of Steel.” 
October 22. Attendance 20. 


University of North Carolina 

The Use of the Calculating Board for Determining Short-Circuit 
Currents in Complicated Power Networks, by R. F. Stain- 
back, Instructor in Elec. Engg., University of North 
Carolina, and 

Advantages of Student Enrolment in the A. I. E. E., by Prof. 
P. H. Daggett. Committees appointed. October 19. 
Attendance 19. 

The Engineer in the Business World, by Prof. G. T. Sechwenning, 
Commerce School, and 

Facts on the Duke Power Company, by J. W. Holt, Jr., Student. 
November 1. Attendance 27. 


A. W. Schneider. 


University of North Dakota 


Commercial Distribution, by Burton Oliver, Student. Plans 
made for the Hngineer’s float for Homecoming. October 
18. Attendance 16. 

Television, by George Charrier, Student. Film, ‘‘Gas Hlectric 
Busses.’”’ Election of a publicity reporter. November 1. 
Attendance 18. 


Northeastern University 


Recent Additions to the National Electrical Code, by Prof. W. L. 
Smith, Counselor. Refreshments were served. October 3. 
Attendance 18. 

Importance of Cable to the Electrical Power Industry and Im- 
portant Points in Its Manufacture, by E. W. Davis, Ass’t. 
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Klee. Engr., Simplex Wire and Cable Co. Brief talk by 
Prof. W. L. Smith, Counselor. October 30. Attendance 
87. 

University of Notre Dame 


Business Meeting. Branch meetings to be held second and fourth 
Mondays of every month. September 24. Attendance 63. 

Initiation of new members. Refreshments were served. Octo- 
ber 8. Attendance 73. 

The Mechanical Aspects of Twin Branch—From Coal Car to 
Transmission Line, by R. E. Hieronymus, Engg. Dept., 
Twin Branch Power Plant, Mishawaka, Indiana; 

The Neon Tube and Some of Its Uses, by E. E. Moyer, Senior, and 


Personal Experiences as a Radio Operator on a Steamship, by 
E. G. Conroy, Jr. <A drive to increase the local Student 
enrolment in A. I. E. E. inaugurated. Standing committee 
on the presentation of papers appointed. October 22. 
Attendance 60. 


Ohio Northern University 
Television, by H. R. Garn, Student. October11. Attendance 31. 
Vacuum Tubes, by M. C. Wooley, Student, and 


Underground Distribution Systems, by G. D. Poole, Student. 
October 25. Attendance 28. 


Three films, ‘‘Construction of the Conowingo Project,” ‘‘Okonite 
Insulation of Wire’ and ‘“‘Are Welding.’’ November 8. 
Attendance 85. 


Ohio State University 


Prof. F. C. Caldwell, Counselor, gave a short talk outlining the 
Institute’s activities. October 16. Attendance 40. 

Recent Developments in the Application of Electricity to Industry, 
by G. E. Stoltz, Westinghouse Electric & Mfg. Co. W. E. 
Metzger, Chairman, Columbus Section, gave a brief talk. 
October 25. Attendance 70. 


Ohio University 


Film, ‘‘Conowingo.”” Membership campaign planned. October 
2. Attendance 40. 


Oklahoma A. & M. College 


Film, ‘Power.’ Possibilities of securing new members dis- 
eussed. October1l. Attendance 66. 


Oregon State College 


Chairman Harry Loggan gave a short report on the Pacific Coast 
Convention. Prof. F.O. McMillan, Counselor, reported on 
several activities of the Convention, and emphasized the 
desirability of having more Student Papers at the Branch 
meetings. Two meetings per month to be held. October 8. 
Attendance 31. 

Engineering Development, History, and Future Possibilities of Dr. 
Bell’s Ambition to Establish Universal Telephone Service, by 
A. K. Morehouse, Transmission Engr., Pacific Telephone and 
Telegraph Co., Portland, Ore.; 

The Construction of the Prospect Plant No. 2 of the California- 
Oregon Power Co., by Larry Fisher, Senior. Slides. 

Great Northern R. R. Electrification and Construction of the 
New LHight-Mile Electrified Tunnel through the Cascade 
Mountains, by Paul Klev., Jr., graduate student. Illus- 
trated talk. Arnold Sundstrom, Student, gave an exhibi- 
tion of ventriloquism. Refreshments. October 17. At- 
tendance 66. 


Pennsylvania State College 


Summer Experiences, by the following Students: Mr. Newquist, 
with the Bell Telephone Co.; Mr. McArthur, with the 
Pennsylvania R. R. Co. (Altoona); Mr. Ireland, with the 
Bethlehem Steel Co., and Mr. Hallstrom, with the West- 
inghouse Hlectric & Mfg. Co. October 17. Attendance 57. 

Prof. C. L. Kinsloe, Head, Dept. of Elec. Engg., related his 
experiences on a trip across the American continent during 
the past Summer. Two students gave talks on their travels 
in Europe. November 7. Attendance 40. 


University of Pittsburgh 
Personality, by J. B. Luck, Chairman; 
Picture Transmission, by K. A. Taylor, Vice-Chairman, and 
Telephone Transmission Losses, by J. G. Hoop, Secretary-Trea- 
surer. October 19. Attendance 72. 
Princeton University 


Conowingo Transmission Line, by Prof. M. MacLaren, Counselor. 
W. V. Eakins, President, spoke briefly on the advantages of 
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enrolment in the A. I. E. E. Brief talk by Prof. Willis on 
papers for prize contest in spring. Election of officers. 
October 19. Attendance 12. 


Purdue University 


The Electrical Engineering Profession, by Prof. C. F. Harding, 
Head of the School of Elec. Engg., and 

The Work of the Institute, by Prof. A. N. Topping, Counslor. 
Refreshments were served. October 9. Attendance 120. 

Oil-Engine Locomotives with Electrical Transmission, by A. Me 
Lipetz, Consulting Engr., American Locomotive Co. and 
Non-Resident Prof. of Locomotive Engg. Slides. Joint 
meeting A. I. E. E.and A.S. M. E.. October 30. Atten- 
dance 160. 


Rhode Island State College 

Inspection trip to General Electric Co. Plant at Lynn, Mass. 
October 17. Attendance 20. 

Power Development at Niagara Falls, by Arnold 8. Judkins and 
Alton Coon, Students. Illustrated. October 24. 
Attendance 14. 

Three reels, ‘“The Single Ridge.”” October 31. Attendance 73. 

Business Meeting. November 7. Attendance 14. 


Rose Polytechnic Institute 


Starting as an Engineer and Engineering A ptitudes (from paper by 
John Mills), given by H. A. Moench, Student; 

Some Problems Confronting the Engineer of Tomorrow (from paper 
by C. 8S. Coler), given by R. C. Bailey, Student, and 

Does Business Want Scholars (from paper by Walter S. Gifford), 
given by G. P. Brosman, Student. October 19. Atten- 
dance 35. 


University of Santa Clara 


What Industry Wants in College Men, by Geo. Gabel, Student. 
Committees appointed.’ October 11. Attendance 22. 


University of South Carolina 


W. EH. Eargle, Chairman, gave a brief review of the Regional 
Meeting held in Atlanta. The papers by Samuel Evans, 
R. S. Kersh, O. M. Carpenter, E. R. Hauser and E. M. 
Burn were reviewed, and Student Activities were discussed 
in general with special emphasis on the need of Student 
Papers. Prof. T. IF. Ball, Counselor, reviewed the addresses 
given at that meeting by John B. Taylor and Sergius P. 
Grace. November 2. Attendance 26. 


University of South Dakota 


Business Meeting. Arrangement of program of talks by students 
for remainder of semester. October 22. Attendance 9. 


Stanford University 


Summer Work with the Pacific Telephone and Telegraph Company, 
by E. P. Fisher, Student. G. Snyder, Secretary, re- 
ported on the Student Activities at the Seventeenth Pacifie 
Coast Convention. R. D. Boynton told of his experiences 
in the General Electric Company’s Test Course. Chairman 
N. R. Morgan outlined the aims of the Branch for the year. 
New bulletin board presented by 1927-1928 members 
unveiled. October 25. Attendance 29. 


University of Vermont > 


The Atwater Kent Radio Company, by Glenn Aiken and Frank 
L. Sulloway, Students; 


The U. S. Army Signal Corps School at Fort Monmount, N. J., 
by Kenneth H. MacGibbon, Students, and 


The Bell System, by Laurence G. Cowles, Secretary. October 9. 
. Attendance 9. 
Virginia Military Institute 
Conowingo Project, by H. T. McFall, Student; 
Electric Railway Signals, by W. M. Wilson, Student; 


Interconnection between Southeastern States, by J. W. Young, 
Student; 


Transatlantic Telephony, by W. H. McClanhan, Student, and 


Sterlungton Power Project, by H. C. Couch, Student. October 8. 
Attendance 39. 


University of Virginia 
Prof. W. 8. Rodman, Counselor, gave a talk on Branch constitu- 
tions and explained advantages of Student enrolment. 
Two reels, “White Coal,” followed by refreshments. Joint 
meeting with Student Branch, A. S. M. E., for the motion 
pictures and refreshments. October 8. Attendance 40. 


& 
5 


Dec. 1928 


Washington University 
Business Meeting. October 9. Attendance 35. 


Aviation Instruments, by N. O. Anderson, Student, and a member 
of the Naval Reserve. October 23. Attendance 25. 
Some Recent Developments in the Telephone Industry, by W. O 


Pennell, Chief Engr., Southwestern Bell Telephone Co. 
Slides. November 6. Attendance 25. 


University of Washington 
The Aims and Activities of the A. I. E. E., by G. E. Quinan, 
Vice-President, North West District, A. I. E. EB. G. L. 


Hoard, Counselor, gave a brief talk. October 12. At- 
tendance 29. 


The Electrolytic Refining of Zinc, by George Zeh, Student. 
Ernest D. Engel elected Junior Representative on Executive 
Committee. October 19. Attendance 26. 

The Skagit River Project, by C. W. Howard, Student. 
26. Attendance 20. 


West Virginia University 


First Aid to the Injured, by G. W. Pride, Student; Economic 
Transmission of Electrical Power, by W. H. Unger, Student; 
Radio Television, by W. H. Ross, Student; Rebuilding 
Lightning Arresters, by R. O. Boone, Student; Electric 
Welding, by J. I. Steele, Student; Industrial Motor A pplica- 
tions, by O. R. Allen, Student, and The Brightness of the 
New Incandescent Lamp, by J.S. Merritt, Student. October 
22. Attendance 31. 


Conowingo Development, by J. K. Gwinn, Student; The Vacuum 


October 


Tube, by J. E. Winter, Student; The Use of Carbon Brushes - 


in Electric Railway Service, by G. H. Hollis, Student; The 
Correct Way to Make Splices in Electric Conductors, by 
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Ivan Vannoy, Student; The Chelan River Electro Project, 
by F. D. McGinnis and C. W. Thrall, Students; The World’s 
Largest Electric Lamp, by G. C. Barnes, Student; Speed in 
Street Railway Service, by G. I. Burner, Student, and Radio 
Acousite Position Findings, by F. H. Backus, Student. 
October 29. Attendance 29. 


Problems of Interconnecting Electrical Power Systems, by T. R. 
Cooper, Student; Bimetal: The Temperature Sentinel, by 
R. H. Pell, Student; The Pittsburgh Transformer Works, by 
M.S. Diaz, Student; A Long Span in the Transmission Line 
over the Cheat River, by M. P. Hooker, Student, and Manu- 
facture of Radio Vacuum Tubes, by W.S. McDaniel. Novem- 
ber 5. Attendance 29. 


University of Wisconsin 


Prof. C. M. Jansky, Counselor, gave a talk on the aims and ideals 
of the Student Branches of the A. J. H. E. and the advantages 
of Student enrolment. Chairman Odbert outlined program 
for the year. Prof. J. R. Price gave a brief report on the 
Western inspection trip. Prof. Edward Bennett, Head, 
Dept. of Elec. Engg., gave a report on the Eastern trip. 
October 16. Attendance 50. 

Banquet, joint with Madison Section, A. I. E. HE. (Detailed 
report in Section Activities department of this issue). 
October 23. Attendance 110. 


Worcester Polytechnic Institute 
My Experiences with the New York Telephone Company, by H. G. 
Norton, Senior; 
Gas Distribution, by A. W. Knight, Senior, and 
The Bell Telephone Laboratories, by R. A. Beth, Instructor in 
Physies. October 22. Attendance 40. 


TOC CLO 


Tc 


The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


ical Engineers. 
library of engineering and the allied sciences. 


It is administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 150,000 volumes and pamphlets and receives currently 


most of the important periodicals in its field. It is housed in the Engineering Societies Building, 29 West Thirty- 


ninth St., New York. 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library ts 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, is charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to 5 p. m. 


BOOK NOTICES OCT. 1-31 

Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books Jisted may be consulted in the Engineering Societies 
Library. 
AipE-Mermorre DE L’INcpeninurR MEcanicien. 

By J. Izart. 5th edition. Paris, Dunod,- 1928. 
diagrs., tables, 8x 5in., cloth. 95fr. 


A “pocket-book” of mechanical engineering, covering the 
same field as our well-known American works, but presenting 
French practise. The popularity of the book is shown by the 
frequency with which new editions have been required. 

The present edition has been completely revised and reset. 
It contains many tables and formulas of value to engineers 
compelled to use metric measurements in machine design. 


Diz AUSBREITUNG DER HLEKTROMAGNETISCHEN WELLEN. 
By Alfred Sacklowski. Ber., Weidmannsche Buchhandlung, 
1928. 129pp.,9x6in., paper. 4,50 r.m. 


In 1888 Hertz published his classic paper on the propagation 
of electric power, but it was not until 1905, when radio-telegraphy 


1263 pp., 


was already becoming important, that Tissot, and Duddell and 
Taylor undertook to test the theory by measuring fields. Since 
that date interest in the propagation of electric waves around the 
earth has inereased so rapidly that many papers have appeared, 
scattered through many periodicals. 

Dr. Sacklowski has now prepared a summary of this literature 
in convenient form, giving in brief compass a connected account 
of our present knowledge. A valuable bibliography of nearly 
500. papers is given. 


BEHANDLUNG VON SCHWINGUNGSAUFGABEN Mir KomMPLEXEN 
AMPLITUDEN UND Mit VEKTOREN. 
By Hans Georg Moller. Lpz., S. Hirzel, 1928. 
illus.,9 x 6in., paper. 6.-r. m. 


The method presented in this book differs from that ordinarily 
taught to students of electrical engineering and physics, and 
is much simpler in its application to calculations involving 
electric waves and light waves. The text is based upon Dr. 
Moéller’s courses at Hamburg and Charlottenburg, and is written 
so that it can be used by engineers with only ordinary training 
in mathematics. 

The theoretical principles of the method are described con- 
cisely. About two-thirds of the book are occupied by examples 
showing the application of the method to practical problems in 
electrical engineering. 


128 pp., 
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Dix BestTIMMUNG DER DAUERFESTIGKEIT DER KNETBAREN, 


V®REDELBAREN LEICHTMETALLEGIERUNGEN. 

By Richard Wagner. (Bericht aus dem Institut fir Mechan- 
ische Technologie und Materialkunde der Technischen Hoch- 
sehule zu Berlin. Heft 1). Berlin, Julius Springer, 1928. 64 
pp., illus., diagrs., tables, 9x 6in., paper. 6.-r. m. 

Describes a series of extensive tests of duralumin, electron, 
lautal, and other light alloys, undertaken to determine their 
durability when exposed to repeated shock and vibration. The 
results are given in detail. The conclusions drawn will be of 
interest to designers of automobiles, aircraft, and other structures 
in which light alloys are used for structural members. 
Buun Book or Facts or Marine ENGINEERING. 

N. Y., Ocean Publishing Co., 1928. 
cloth. $3.00. 


This little catechism contains questions and answers for 
engineers preparing for marine engineers’ licenses of every grade. 
THe Curat Mountain Coat FIrtp or RANDOLPH CoUNTY, 

W. Va. 

By David B. Reger. 
Bulletin 3). 
Paper, $1.00. 

This Bulletin deseribes an entirely new field of New River 
Coal in eastern West Virginia, including location, topography, 
transportation, geology and rock structure, with table of inter- 
vals above and below the Sewell Coal, history of discovery of 
field, and a brief description of the coals, including estimates of 
tonnage for the Upper Freeport, Gilbert, Castle, Hughes Ferry, 
Sewell, and Fire Creek Coals; it also includes the detailed 
records of 16 core tests by the W. Va. Pulp & Paper Co.; a table 
showing the elevation and thickness of the coal at 140 mines and 
prospect openings shown on map; another showing analysis of 
24 samples including 15 tests of fusing point of ash. 

(Address: West Virginia Geological Survey, P. O. Box 879, 
Morgantown, W. Va.) 

CoLiectED WorKS oF J. WILLARD GIBBS. 

N. Y., Longmans, Green & Co., 1928. 2 v., port., tables, 

9x 6in., cloth. $6.00 (2 v.) 


Willard Gibbs is rated, by competent critics, as the greatest 
genius America has produced. His writings on thermodynamies, 
after long neglect, became the foundation of physical chemistry 
and established his position as one of the greatest physicists 
of all time. 

As his writings have been out of print for some years, this new 
edition will be welcome to many physicists and chemists who 
wish to study his work at first hand. The collection is complete 
and includes the ‘‘EKlementary principles in statistical mechanics,” 
which was omitted in the former edition. A biographical 
sketeh is also included. 

COMPOSITION OF WATER. 

By J. R. Partington, Lond., G. Bell & Sons, 1928. (Classies 
of Scientifie Method). 106 pp., illus., 7x5 in., paper. 1/6. 

The series to which this volume belongs aims to provide 
inexpensive reproductions of the great masterpieces of science 
in convenient form, with an account of the action and reaction 
of ideas which led up to the crucial experiments carried out and 
deseribed by some great master. 

In the volume on water Dr. Partington traces, chiefly in the 
words of the discoverers themselves, the experimental investi- 
gations that led to our present very exact knowledge of its 
composition. The researches of Cavendish, Lavoisier’s work, 
Priestley’s and Mouge’s work, and the investigations of later 
workers, down to recent times, are given. 

Cours pE Mecanique Proresse A L’EcoLte SUPERIEURE DES 
Mines. 

By Paul Levy. Paris, Gauthier-Villars et Cie, 1928. 303 
pp., diagrs., 10 x 6in., paper. 50 fr. 

_ Professor Levy here presents his course at the “Ecole Supér- 
ieure des Mines.’’ The text is adapted, in length and presenta- 
tion, to the ordinary needs of engineering students. It is based 
on classic works written from the analytical point of view but 
gives more than the usual attention to mechanical and geometri- 
eal considerations. 

Cours D’Exp.oiraTion DES MInEs, v. 1. 

By Haton de la Goupilliére. 4th edition. Paris, Dunod, 
1928. 1216 pp., illus., tables, 10x 7in., paper. 189 fr. 


This treatise on mining is too well known to need an intro- 
duction. First published in 1885, it at once became a favorite 


Ed. 6. 
135 pp., 6x4 in., 


(West Virginia Geological Survey, 
Morgantown, W. Va., 1928. 34 pp., tables, map. 
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work, and successive editions have maintained its popularity. 
Volume one of the fourth edition has now been printed, and 
three other volumes will appear later. ; 

This new edition has been revised and so considerably extended 
by J. de Bere that an additional volume is necessary. The 
revision has eliminated obsolete matter and brought the text 
abreast of current practise. 

Course IN Evecrricat ENGINEERING, v 2; Alternating Currents. 

By Chester L. Dawes. Ed. 2, N. Y., MeGraw-Hill Book Co., 
1928. 618 pp., illus., diagrs.,8 x 6in., cloth. $4.00. 

Although this book was prepared for semi-elementary courses 
in alternating currents, such as are given to non-electrical 
students of engineering, it has won wide acceptance as a text 
for courses in electrical engineering. This widened field of use, 
as well as the changes and progress of the last six years, have 
been taken into account in the revision of the work. A chapter 
on complex quantities has been added, and their application to 
polyphase systems is presented. A new chapter discusses the 
principles and simplex uses of electron tubes. Throughout the 
book late developments in a-c. apparatus and methods have been 
included. The book is an excellent introductory text, preparing 
the student for more advanced works. 

ENGINEERING Epucation; Essays for English. 

Selected and edited by Ray Palmer Baker. 2d edition. 
N. Y., John Wiley & Sons, 1928. 233 pp.,8x5in., cloth. $2.00. 

This collection of essays by noted engineers and scientists 
discusses the origins and types of engineering education and the 
place in engineering of the basic sciences. _The book is intended 
primarily to provide students of engineering with good models 
of exposition, as part of their training in language. At the same 
time, the collection presents an ideal of education which will not 
only be of value to the student, but will also be of interest to all 
who are interested in the trend of present thought upon this topic. 
ENGINES. 

By E.N. DaC. Andrade. N. Y., Harcourt, Brace & Co., 1928. 
267 pp., illus.,8 x 6in., cloth. $3.00. 

An interesting description of the chief kinds of engines by 
which the heat of burning fuel is turned into work, and of the 
scientific principles upon which their action depends. The 
book is based upon the author’s Christmas Lectures at the Royal 
Institution of Great Britain; hence is intended for readers 
without scientific knowledge. The author writes in interesting 
fashion, yet with scientific accuracy. The illustrations are 
unusually good. 

Dir Enrropiz-DIAGRAMME DER VERBRENNUNGSMOTOREN. 

By P. Ostertag. 2d edition. Berlin, Julius Springer, 1928. 
78 pp., diagrs., tables, 9x 6in., paper. 4,50 r. m. 

The new edition of this work on the entropy diagrams of 
internal combustion engines shows no fundamental changes, 
but the text has been revised and extended wherever necessary. 

The basic conceptions on the behavior of gas mixtures and on 
combustion set forth in part one are used, in part two, to show 
how the behavior under various conditions of piston gas engines 
may be predetermined. The use of the gas entropy table in 
design is shown. 

The third section discusses the design of gas turbines, with 
particular attention to the author’s solution of this problem. 
The last section treats of some special problems. 


Dis Entwickiune pes DeuTscHEN BERGBAUES. 

By A.Sehwemann. Ber., V. D. I. Verlag, 1928. (Deutsches 
Museum Abhandlungen und Berichte). 20 pp., illus., 8x6 
in., paper. 1.-r. m. 

A popularly written sketch of the development of mining in 
Germany from the earliest times to the present. The pamphlet 
is intended especially for visitors to the mining exhibit in the 
Deutsches Museum and is illustrated by photographs of some 
of the important exhibits. 


Das ForDERHOHENVERHALTNIS DER KREISELPUMPEN FUR Din 
IDEALE UND WIRKLICHE FLUSSIGKEIT. 

By Wilhelm Schulz. (Forschungsarbeiten, heft 307). V.D.1I 
Verlag, 1928. 28 pp., diagrs., tables, 11 x9 in., paper. 5.-r. m. 

In the first portion of this research the author investigates 
mathematically the flow of an ideal fluid in radial-discharge 
centrifugal pumps. The theoretical delivery and the conditions 
of delivery are calculated, and numerical values are found for all 
possible combinations of number of blades, blade angle and wheel 
proportions. These theoretical results are then compared with 
those obtained from a commercial pump in which various num- 
bers of blades and various blade angles could be obtained. 
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New data were obtained upon maximum efficiency, special 
throttle-head curves, favorable numbers of blades and deliveries, 
cavitation and other properties. The actual and theoretical 
results are compared and methods of approximation studied 
critically. 
FRACHTVERHALTNISSE UND FRACHTLAGE DBR AMERIKANISCHEN 
KISENINDUSTRIB. 
By Fritz von Haniel. 
diagrs., 8 x 6 in., paper. 


Berlin, V. D. I. Verlag. 
4.-r.m. 


1928. . 62 pp., 


An economie study of transportation conditions in the Ameri- 
can. iron industry, based on first hand study. Shipping facilities, 
tariffs, and other matters affecting freight rates for ore, coal, and 
finished products are discussed. 


GRUNDPLAN DER WISSENSCHAFTLICHEN BETRIEBSFUHRUNG IM 
BERGBAU. 


By Kurt Sieben. Berlin, V. D. I. Verlag, 1928. 
diagrs., forms, 8x 6in., paper. 10,50r.m. 


Attempts to present the outlines of a plan for the scientifi- 
management of mining operations. The author has not ate 
tempted to present a system in complete detail, but rather to 
eall attention to the principles involved, and to suggest ways in 
which they can be effectively applied in mines. 


148 pp., 


Hersert Hoover; a reminiscent biography. 
By Will irwin. N. Y., Century Co., 1928. 315 pp., illus., 
ports., 8x 5in., cloth. ‘$3.00. 


This biography by a college mate and lifelong friend gives an 
accurate, if eulogistic account of Hoover’s life and work. The 
story is told in interesting fashion, with emphasis upon the 
adventures of Hoover’s career. 


JAHRBUCH DER BRENNKRAFTTECHNISCHEN GESELLSCHAFT, V. 8, 
1927. 

Halle (Saale), Wilhelm Knapp, 1928. 50 pp., illus., 11x8 
in., paper. 4,60 r. m. 


This yearbook contains the proceedings of the tenth annual 
meeting of the Society and the four papers presented at that 
time. These are: “International petroleum polities,” by Dr. 
Tetsche; ‘Transportation fuels, their provision and the economic 
importance of increased pressure in the engine,’”’ by W. Ostwald; 
“Air traffic and its demands upon the fuel supply,” by H. von 
Williamowitz-Moellendorff; and the ‘Position of the German 
coal industry upon the supply of fuels for transportation,” by 
Dr. Faber. 


LEHRBUCH DER PHYSIKALISCHEN CHEMIE, V. 2, pt. 3. 

By Kar] Jellinek. 2d edition. Stuttgart, Ferdinand Enke, 1928. 
Illus., diagrs., tables, 10x 7 in., paper. 32.-mk. v. 2 complete, 
unbound, 88.-mk.; bound 92.-mk. 


This work will undoubtedly remain for years one of the most 
important treatises on physical chemistry. Dr. Jellinek discusses 
the subject theoretically, as well as experimentally, in a clear, 
readable style, with a wealth of detail. Many illustrations 
accompany the text and there is a wealth of references to the 
literature. The book is useful both as a textbook for advanced 
students, and as a reference work. 


Lupwic FRANzIvs. 

By G. de Thierry. Ber., V. D. I. Verlag, 1928. (Deutsches 
Museum Abhandlungen und Berichte). 33 pp., port., 8x 6 in., 
paper. 1l.-r.m. 


A brief biography and appreciation of the noted hydraulic 
engineer, based upon his autobiography. The brochure is 
one of a series issued by the Verein Deutscher Ingenieure and 
the Deutsches Museum, to illustrate the development of special 
branches of engineering through the labors of pioneer workers. 


Marine Dissex O11 Enernes; a manual of marine oil engine 
practice. 
By J. W.M. Sothern. Ed. 3. Lond., Crosby Lockwood & Son, 
1928. 949 pp., illus., plates, diagrs.,9x 6in., cloth. 45s. 


A practical treatise on the principles, construction and running 
of these engines. The work is designed as a text-book for engi- 
neers preparing for the British Board of Trade examinations 
for licenses and treats the subject in great detail, although 
elementary in character. Much space is given to the details 
of the various makes of engines and to practical operation, 
repair and maintenance. 


INSTITUTE AND RELATED ACTIVITIES 
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MATERIALPRUFUNG MIT RONTGENSTRAHLEN. 

By Richard Glocker. Berlin, Julius Springer, 1927. 377 
pp., illus., tables, 9 x 6in., cloth. 31,50r.m. 

Intended as a general introductory text which will provide 
the beginner with enough knowledge to enable him to test mate- 
rials in this way. The book opens with a brief accoun of thet 
physical principles involved, but the greater part of the book 
is devoted to methods, which are illustrated by practical exam- 
ples. A large number of useful tables are included and there 
is a useful bibliography. 

MerrHopen ppR PRAKTISCHEN ANALYSIS. 

By Fr. A. Willers. Ber. u. Lpz., Walter de Gruyter & Co., 

1928. 344 pp., diagrs., tables,9x6in., paper. 20.-r. m. 


An introduction to the methods of practical analysis, including 
numerical, graphic, and instrumental methods. Special atten- 
tion is paid to the accuracy obtainable by the various methods. 
Numerous examples show the practical application of the 
methods. 


Ort EneIngE Power Puant HANDBOOK. 
Edited by Julius Kuttner. Ed. 4. N. Y., National Trade 
Journals, Ine., 1928. 288 pp., illus., 11 x 8 in., cloth. $5.00. 


The Handbook contains a number of articles by various 
experts upon practical problems connected with oil and Diesel 
engine plants. Operation and maintenance, efficiency standards, 
electrical layouts for central stations, switchgear, piston ring 
action, cooling water systems, lubricants, exhaust heat recovery, 
and other live topics are discussed in a practical manner. In 
addition, the Handbook contains descriptive data, prepared by 
the manufacturer, upon most of the oil engines produced and 
sold in this country. 


Pracricat INDUSTRIAL FURNACE DESIGN. 
By Matthew H. Mawhinney. N. Y., John Wiley & Sons, 
1928. 318 pp., illus., diagrs., tables, 9x6 in., cloth. $4.00. 


A discussion of practical methods for solving the problems 
and difficulties most frequently met in selecting, designing, and 
operating industrial heating furnaces as distinguished from 
melting furnaces. The methods presented have been used 
successfully by the author and are presented as a contribution 
to a subject that is not as yet thoroughly understood. 

Among the topies are the selection of fuels, the application of 
the heat, methods of handling material, heat economy, the design 
of refractories and metal parts of furnaces and temperature 
measurement and control. 


RESISTANCE DES Fonps BoMBEs. 
By E. Hoehn. Paris, Ch. Béranger, 1928. 86 pp., diagrs., 
tables, 9x 6in., paper. 20 fr. 


The increasing frequency of failures of the dished heads of 
cylindrical pressure vessels led the Swiss Society of Steam 
Boiler Proprietors to inaugurate investigations of the matter 
some yearsago. In 1923 a report on the strength of electrically 
welded vessels was printed, which is now followed by this furth er 
contribution. 

This pamphlet discusses theoretically the theoretical aspects 
of the strength of dished heads in pressure vessels, describes the 
tests made by the author and gives the conclusions derived from 
the work. 


Die Tecunik ELEKTRISCHER MrsscGERate, v. 1. 
By Georg Keinath. 3rd edition. Mitnchen & Berlin, R. 
Oldenbourg, 1928. 612 pp., illus., 10 x 7 in., cloth. 35.-r. m. 


This work is intended as a reference book for the engineer who 
must use electrical measuring instruments. It aims to present 
the useful information without many formulas but with enough 
description of the various types and designs and of their fields 
of usefulness, to assist in the selection and use of suitable equip- 
ment. Electric meters and pyrometers are omitted, as well as 
instruments intended especially for laboratory use. : 

The book is expanded to two volumes in this edition. The 
first volume discusses the general properties of these instruments, 
the materials of construction, the various instruments on the 
market and their accessories. 


TIMBERING OF MrerauuiIreRous MINEs. 
By J. F. Downey. Lond., Charles Griffin & Co., 1928. 258 
pp., illus.,9x6in., cloth. 25s. 


This treatise by the New Zealand Government Inspector of 
Mines is intended to provide the practical miner with a reason- 
ably comprehensive handbook on mine timbering. The author 
has collated the information scattered through mining literature, 
and has filled the gaps and supplemented the information by 
drawing upon his own experience, so that the book covers in a 
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practical way the methods of which knowledge is essential to 
the miner. 


User DIE SCHMIERSCHICHT IN GLEITLAGERN UND InRE Mezs- 
suNG@ Durcu INTERFERENZ. 

By Robert Wolff. (Forschungsarbeiten, heft 308) Berlin, 
V. D. I. Verlag, 1928. 25 pp., diagrs., tables, 12 x 9 in., paper. 
5.-r. m. 

Presents the results of investigations carried out in the bear- 
ings laboratory of the German railways upon conditions in 
heavily loaded bearings. The author describes a new method of 
measuring oil films which is particularly accurate for bearings 
of this kind and presents some conclusions drawn from measure- 
ments made by it. Among other results, he shows that viscosity 
is entirely unreliable as an indication of lubricating value, and 
that the classic hydrodynamic ideas concerning the thickness 
of oil films are inadequate for thin films. 

Dim VERWENDBARKEIT DER RONTGENVERFAHREN 
TECHNIK. 


By C. Kantner and A. Herr. Ber., V. D. I. Verlag, 1928. 
77 pp., illus., 8x 6in., paper. 4,50r.m. 


The increasing use of X-rays in testing materials is the cause 
of this little book, which is intended for those interested in 
inspection who are not versed in X-ray photography. 

The treatment is entirely practical. The authors point out 
the fields in which the method has been found useful and de- 
scribe the apparatus used. Directions for equipping a laboratory 
are given, and there is a brief bibliography. 

WARME-UND KALTEVERLUSTE IsoOLIERTER ROHRLEITUNGEN 
UND WANDER. 


By Grunzweig and Hartmann, G. M. B. H. Ludwigshafen a: 
Rhein. Berlin, Julius Springer, 1928. 269 pp., 9x6 in., 
fabrikoid. 16.-r. m. 


IN DER 
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138 pp., 9 x 6 in., paper. 
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Engineering Societies Employment Service 
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Journal A. I. HE. E. 


This collection of tables has been prepared by a manufactory 
of heat-insulating materials for use in its own work. The 
tables show in detail the hourly loss of heat or cold from pipes 
and chambers, the effect of wind, and give other useful data. 
They are calculated for all ordinary commercial sizes of pipe 
and for temperatures from — 40 cent. to 1000 cent. and can be 
used for pipes with any or no insulation. 


WIRKUNGSWEISE ELEKTRISCHER MASCHINEN. 
By Milan Widmar. Berlin, Julius Springer, 1928. 223 pp., 
diagrs.,9x6in., paper. 12.-r.m. 


Dr. Vidmar’s work is written to meet the needs of students 
who need a concise survey of the theory of electrical machines, 
and of electrical engineers who need to know what occurs in 
electrical machines, although not engaged in their design or 
construction. For these readers he presents the theory with 
emphasis upon the physical picture of the machine at work and 
without attention to design or structural details. 

Starting with the point of view that there is actually only one 
electrical machine, Dr. Vidmar discusses first its simplest 
form, the transformer. He then discusses successively mechani- 
cal transformation, synchronous machines, asynchronous ma- 
chines and collector machines. 


Zur THEORIE DES FERNSPRECHVERKEHRS. 


By K. Frei. Berlin, Weidmannsche Buchhandlung, 1927. 
4,50 r. m. 


This introduction to the theory of telephone traffic is intended 
primarily for those who are somewhat. distrustful of it, because 
it is so completely based on probabilities. It aims to explain 
the theory and show its main conclusions sufficiently to prepare 
the reader for a complete understanding of current writings on 
the subject, and to enable him to pass judgment on the results. 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


The service is available only to their membership, and is maintained as a 


cooperative bureau by contributions from the societies and their individual members who are directly benefited. 
Offices: —31 West 39th St., New York, N. Y..—W. V. Brown, Manager. 
1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 
57 Post St., San Francisco, Calif., N. D. Cook, Manager. 
MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 


Names and records will remain in the active files of the bureau for a 
period of three months and are renewable wpon request. 


Notices for this Department should be addressed to 


~ EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day 


of the month. : 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription of 83 per quarter, or $10 per annum, payable in advance. 


Posi- 


tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 
VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 


invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year’s salary: temporary positions (of one month or less) 
three per cent of total salary receiwwed. The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 

REPLIES TO ANNOUNCEMENTS .—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been 


filled will not be forwarded. 


MEN AVAILABLE 

GRADUATE ELECTRICAL ENGINEER, 
24, married, B. S. in E.E., 1927. Desires position 
with public utility or industrial concern. One 
year’s experience in power plant work. Now 
employed} available at reasonable notice. Loca- 
tion preferred, East. C-5179. 

GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER, 25, married. 5 years’ 
experience as plant engineer and designer, con- 
struction and operation of power plants. Desires 
a position with a public utility or manufacturing 
concern. Location and salary secondary to 
opportunity. C-5183. 

GRADUATE ENGINEER, 24, single, B. S. 
in E. E., State Coliege of Washington, 1928, 
desires employment with manufacturing or public 
utility in application, design, or manufacturing 
fields. Location, immaterial. C-5115. 

GRADUATE ELECTRICAL. ENGINEER, 
28, single; 214 years’ experience in General Elec- 


tric Student Engineering Department; 6 months 
with public utilities. Desires connection with 
public utility or manufacturing concern. Also 
willing to accept a position in Europe or South 
America. C-3762. ; 


JUNIOR ELECTRICAL ENGINEER, S B., 
1927. One year shop course in industrial plant 
(three months layout and machining, three months 
fabricating, including electric and oxy-acetylene 
welding; six months test of Diesel-electric instal- 
lations). Wishes to change to a growing company 
where there will be opportunity for advancement. 
C-5165. 


GRADUATE ELECTRICAL ENGINEER, 
29, married. One year G. E. Test Course. One year 
as instructor in electrical engineering. Five year’s 
diversified electric utility experience as switch- 
board operator, maintenance man, test engineer 
and assistant electrical engineer on substation 
construction. C-5186. 


ELECTRICAL-MECHANICAL ENGI 
NEER, 31, married, desires responsible position 
with industrial or public utility. Four years 
electrical maintenance, steel mills; one year 
G. E. Test; two and a half years designing drafts- 
man, public utility; one-half year electrical 
instructor, trade school and one year assistant 
electrical engineer, industrial operating own 
hydro plants. Location, immaterial. O-2902. 

RECENT GRADUATE, S. B. in E. E.,, 


M. I. T., 1927; 22, single, desires position in - 


commercial field. One year’s experience as 
instructor in large Western University. Can 
furnish excellent references. Location preferred, 
East. O-3550. 

ELECTRICAL ENGINEER, 28, graduate 
1924, good personality, four years’ experience as 
follows: two years electric lighting and power lay- 
out for factories and buildings; two years electric 
traction work, layout, estimating and construc- 
tion of overhead and underground feeders. Good 
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draftsman, able to handle men. Location pre- 
ferred, New York or vicinity. B-6384. 

; GRADUATE ELECTRICAL ENGINEER, 
single, 26. One year on Westinghouse Student 
Course. Three years’ experience in general 
electrical engineering work, miscellaneous applica 
tions. Would like position in office of consulting 
engineer or as assistant to electrical engineer of 
large industrial plant or group of plants. Location 
preferred, East or Middle West. ©-5207. 

GENERAL OR WORKS MANAGER. At 
present holding position as works manager in 
plant employing three hundred hands manu- 
facturing electrical power apparatus; alternating- 
and direct-current motors and generators, trans- 
formers, switchboards, control apparatus. Ameri- 
can, healthy, active and qualified by education, 
experience and ability to discharge the duties of 
general manager. Location, immaterial. C-4206. 

POWER AND WORKS ENGINEER, with 15 
years’ experience in large industrial plants, desires 
location in Southern territory. Wide experience 
in all classes of industrial plant power and engi- 
neering work including design, construction of 
generating, refrigeration plants. Familiar with 
rayon and other chemical plant equipment, 
processes. University graduate, married, settled. 
Possesses initiative, analytical powers. B-5326. 

ELECTRICAL ENGINEER desires position 
doing research or development work. Thoroughly 
trained and competent meter engineer. Expe- 
rienced in combustion and general laboratory and 
power plant testing. Have been successful along 
development lines. Also, extensive public utility 
experience. ©-5258. 

ELECTRICAL ENGINEER, 1923 graduate, 
twoyears’ experience in abstracting and translating 
technical articles and three years of research work 
on electric interference. Familiar with audio- 
frequency measurements. Analytically inclined. 
Good references. B-7091. 

ELECTRICAL ENGINEER, married, 30, 
best of references. Seven years’ distribution and 
operating experience desires connection as dis- 
tribution or plant engineer with operating com- 
pany in south or southwest. C-4734. 

GRADUATE ELECTRICAL ENGINEER, 
30, married. One and one-half years telephone 
engineering. Four years with general contractor 
on building construction. Can handle men. 
Desires responsible position with future. C-5298. 

ELECTRICAL ENGINEER, 29, married. 
Wide experience in the design, construction and 
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MEMBERSHIP —Applications, Elections, Transfers, Ete. 


APPLICATIONS FOR TRANSFER 
At its meeting held November 8, 1928, the 
Board of Examiners recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National Secretary. 


To Grade of Fellow 


KURTZ, EDWIN, Prof. and Head Elec. Engg. 
Dept. and Acting Dean of Engg. School, 
Oklahoma A. & M. College, Stillwater, Okla. 

NELSON, ARTHUR LINDSAY, Partner in 
firm of Jackson & Moreland, Boston, Mass 


To Grade of Member 


ANDERSON, BURTON E., Electrical Engineer, 
Guayama, Porto Rico. 

BLYE, PAUL W., Engineer, American Tel. & 
Tel. Co., New York, N. Y. 

BOISEN, ROBERT L., Electrical Engineer, 
Lake Superior Dist. Pr. Co. and Michigan 
Gas & Elec. Co., Ashland, Wis. 

BROOME, GEORGE W., Asst. Engr., Columbia 
Engg. and Mgt. Corp., Cincinnati, Ohio. 
BURNAP, ROBERT S., Engineer in charge of 
Testing Section, Edison Lamp Works of 

General Elec. Co., Harrison, N. J. 
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operation of power stations and substations. 
Successful record in development of economic 
designs and in handling engineering organization. 
B-7809. i 

MECHANICAL ENGINEER, 28, single, 
graduate Polytechnic of Milan (Italy); also 
American college education, 5 years’ experience 
in U. S. A. in electrical testing, drafting, etc. 


Reasonable salary. Available immediately. 
Location, New York City. C-4246. 
ELECTRICAL ENGINEER, 23, single. 


Graduate E. H. 1926, desires a position with a 
power company; 14 years General Electric 
Test; some drafting experience. Location pre- 
ferred, California. C-5259-89-C-S. 

PLANT ENGINEER; graduate Massachu- 
setts Institute of Technology, American descent. 
Over 20 years’ experience in design, construc- 
tion, maintenance of factory buildings, power 
plants, etc. Have reorganized non-productive 
departments with large savings and reconstructed 
buildings with stopping operation. Registered 
Mechanical Engineer, New Jersey, Pennsylvania. 
Excellent references. Available at once. B-5714. 

KLECTRICAL ENGINEER, German, I. C. S. 
graduate, 38, married, American citizen, desires 
position with electrical concern; expects to work 
up. Rochester, N. Y. or vicinity preferred. 
Available on two weeks’ notice. O-5264. 

RECENT GRADUATE, B. S. in E. E., 25, 
single, desires position where knowledge of radio 
will be of value. Now employed by State High- 
way Department, but available on short notice. 
Can furnish excellent references as to character 
and ability. Location preferred, South or 
Middlewest. O-5265. 

ENGINEER, 41, married, is open for position 
as estimating, production or sales engineer, having 
20 years’ experience with leading manufacturer, 
with thorough knowledge of modern factory 
methods, and thoroughly familiar with office and 
factory systematizing. Would go to any part 
of the United States or to European countries. 
C-5231. 

SALES EXECUTIVE, 40, graduate electrical 
engineer with commercial school training, West- 
inghouse apprenticeship, eight years factory 
and construction experience, nine years very 
successful sales and executive experience in 
mechanical and electrical lines. Pleasing person- 
ality, good organizer, able to handle men. Ex- 
tensively traveled, well read, speaks Spanish 
and French. B-3065. 


CALKINS, GEORGE H., 
Elec. Co., Buffalo, N. Y. 

CORRELL, JAMES A., Prof. of Elec. Engg.. 
University of Texas, Austin, Texas. 

DODSON, RALPH E., Accoustical and Insula- 
tion Engineer, Cincinnati, Ohio. 

FLAHERTY, BENJAMIN G., Elec. Engr., 
Puget Sound Bridge & Dredging Co., 
Seattle, Wash. 

FLEISCHMANN, EDWIN, industrial Heating 
Engr., Niagara Falls Power Co., Niagara 
Falls, N. Y. 

GOODERHAM, JOHN W., Telephone Engineer, 
Bell Telephone Labs., New York, N. Y. 

KIERSTEAD, FRIEND H., Electrical Engineer, 
General Elec. Co., Pittsfield, Mass. 

NORTH, JOHN B.., Asst. Investigations Engineer, 
Commonwealth Power Corp. of Michigan, 
Jackson, Michigan. 

PEASE, EDWARD I., Associate Engineer, U. 8. 
Engineer Dept., Seattle, Wash. 

SAWYER, R. TOM, Oil and Gas Elec. Rwy, 
Equipment Engr., Generai Elec. Co., Erie, Pa. 

SCHIRMER, AUGUST H., Telephone Engr., 
American Tel. & Tel. Co., New York, N. Y. 

SMITH, CLIFTON E., Consulting Elec. Engg., 
116 West 39th St., New York, N. Y. 


Manager, General 
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ELECTRICAL ENGINEER, 30, married. 
Technical University graduate. Practical ex- 
perience as mechanic, electrician and armature 
winder. Has been draftsman on _ telephone 
apparatus, small motors and other electrical 
appliances. For the last three years draftsman 
and checker on electrical power stations and 
outdoor switch yards. Location preferred, East 
or Europe. B-9786. 

ESTABLISHED CONSULTING ENGI- 
NEER in large eastern city, specializing in reports, 
valuations and statistics used by utilities, com- 
missions, engineers, and operating and management 
companies throughout the United States, desires 
to torm connection with large organization 
where both engineering services and facilities for 
securing engineering business could be used ad- 
vantageously. B-7006. 


ELECTRICAL ENGINEER, University grad- 
uate, 34, married; 9 years’ experience in electric 
and Diesel-electric traction field here and abroad, 
desires position with well established company. 
Very well acquainted with latest developments in 
Diesel-electric traction vehicles. Now engaged. 
C-5268. 


GRADUATE ELECTRICAL ENGINEER, 368 
married; 13 years’ experience covering designing: 
construction, maintenance of distribution and 
transmission systems, out door transformer sub- 
stations, generating stations; two years efficiency 
and research engineer for coal mine; three years 
designing and operating coal cleaning plants, 
using pneumatic separators. Desires connection 
with public utility, large coal company. C-5277, 


GRADUATE ELECTRICAL ENGINEER, 
24, single, desires position in application or design 
of small motors. One year on Westinghouse 
Student Course; six months in Westinghouse 
Design School; one and one-half years on design 
and construction of small motors. Available on 
short notice. Location, United States, east 
preferred. O©-5051. 


CATENARY ENGINEER, graduate, B. S. 
and C. E., American, 48, married; twenty years’ 
experience in general engineering electrical trac- 
tion work; specialized experience in overhead 
contact systems, designing, estimating, construc- 
ting, developing, selling, consulting; transmission 
line design; special experience in railway electrifi- 
cation, manufacture, installation, project work, 
reports; railway valuation. Now available. 
C-5262. 
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SPRATLEY, JAMES B., Telephone Engr., 
Chesapeake & Potomac Telephone Co., 
Washington, D. C. 

THIMME, EDMUND J., Division Engineer, 
Public Service Elec. & Gas Co., Paterson, N.J. 

WALTER, OTTO W., Engr., Hall Electric 
Heating Co., Fort Wayne, Indiana. 

WEBER, HOWARD H., Asst. Engr., Rome Wire 
Co., Rome, N. Y. 

WHITE, THOMAS C., Elec. Supt., State Line 
Generating Co., Chicago, Ill. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the Applicant has 
applied for direct admission to a grade higher 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before December 31, 1928. 


Adams, O. R., American Tel. & Tel. Co., New 


Work; Nay 
Amoo, L. R., Radio Salesman, Morristown, So. 
Dak. 
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Annett, R., Puget Sound Power & Light Co., 
Everett, Wash. 

Arnold, H, O., Federal Shipbuilding & Drydock 
Co., Kearny, N. J. 

Baker, H. A., (Member), John Tarleton A. & M. 
College, Stephenville, Texas 

Balkow, C., Washington Water Power Co., 
Spokane, Wash. 

Barry, J. E., Jr., Niagara Electric Service Corp., 
Niagara Falls. N.Y. 

Battistini, L. G., New York Edison Co., New 

York, N.Y. 

E., Pennsylvania 

Hazleton, Pa. 

Belt, W. B., Becker 
Tonawanda, N. Y. 

Berkner, L. V., Bureau of Standards, Washington, 


Bell, Power & Light Co., 


Moore &. Co., Inc., N. 


DEC: 

Bigelow, P. W., 110 West 78th St., New York, 
INE Yc 

Bohan, P. C., American Tel. & Tel. Co., New 
Yorke Niy. 


Bredehoft, H. A., Bell Tel. Laboratories, Inc., 
New York, N. Y. 

Bricker, L. B., Southwestern Bell Tel. 
Houston, Texas 

Brouwers, P. W., New England Tel. & Tel. Co., 
Boston, Mass. 

Burgwin, S. L., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Bush, J W., Southwestern Bell Tel. Co., Houston, 
Texas 

Carson, R. N., Jr., Southwestern Bell Tel. Co., 
Houston, Texas 

Cassil, C. C., Southwestern Bell Tel. Co., Houston, 
Texas 

Child, J. E., Detroit Edison Co., Detroit, Mich. 

Chrestensen, C. E., Milwaukee Elec. Railway & 
Light Co., Milwaukee, Wis. 

Christison, D. C., Wisconsin Power & Light Co., 
Madison, Wis. 

Cole, J. E., Waltham Watch Co., Waltham, Mass. 

Coles, C. H., Brooklyn Edison Co., Brooklyn, 


Co., 


ING Waa 

Collinot, M. A., Chas. Engelhard, Inc., Newark, 
INES: 

Connor, W. F., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 


Cope, R. D., Houston Wood Preserving Co., 
Dallas, Texas 


Cross, P. C., General Electric Co., Kansas City, 
Mo. 

Cross, R. D., Alabama Power Co., Birmingham, 
Ala. 

Dalby, H. W., Portland Electric Power Co., 


Portland, Ore. 

Defries, R. G., Canadian General Electric Co., 
Toronto, Ont., Can. 

del Valle Goerry, E., Mexican Tel. & Tel. Co., 
Mexico, D. F., Mex. 

Diaz, E., United Scientific Laboratories, 
York, N.Y. 

Dickinson, R. C., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

Dodds, G: B., Duquesne Light Co., Pittsburgh, Pa. 

Dorn, H. V., 1 Prospect Park West, Brooklyn, 
ING AY 7 

Dyer, L. W., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Fannon, J. L., 34 Liberty Ave., W. Somerville, 
Mass. 

Farry, O. T., Wagner Electric Corp., St. Louis, 
Mo. 

Fathauer, W., Chicago Surface Lines, Chicago, 
Til. 

Finehout, F. R., Esterline Angus Co., Speedway 
City, Ind. 

Firestone, S., Detroit Edison Co., Detroit, Mich. 


Fischer, M , New York Edison Co., New York, 


New 


IN 

Forbes, G., New York Telephone Co., New 
York, N.Y. 

Fowler, G. F., Bell Telephone Laboratories, 


New York, N.Y. 


Fuller, R. E., New York Edison Co., New York, 
INGvs 
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Furth, E. L., Washington University, St. Louis, 
Mo. 

George, S. A., Southwestern Bell Tel. 
Houston, Texas 

Gordon, N. B., Trumbull Electric Mfg. Co., 
Plainville, Conn. 

Grace, W. J., Wm. K. Grace Engg. Co., Dallas, 
Texas 

Graham, M. R., Commonwealth Power Corp., 
Jackson, Mich. 

Grant, M. S., 0. M. Matzen & Co., New York, 
ING 

Green, C. M., Jr., Radio Sales & Service Co., 
Orlando, Fla. 


Co., 


Grenfell, R. R., Einsman Magneto Corp., 
Brooklyn, N.Y. 

Halberg, M. N., General Electric Co., Schenec- 
tady, N.Y. 

Hand, A. R., General Electric Co., Schenectady, 
ING Ys. 

Hartt, J S., (Member), 610 Gay Bldg., Madison, 
Wis. 

Heiser, E. S., U. S. Dept. of Commerce, St. Paul, 
Minn. 


Hicks, B. C., Shawinigan Water & Power Co., 
Montreal, Que., Can. 

Hill, W. B., Century 
Texas 

Hoffman, 8. G., 802 Howard Ave., Brooklyn, N Y. 

Hulstede, G. E., Pacific Tel. & Tel. Co, San 
Francisco, Calif 

Iams, H. A., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Jennings, J. E., Southwestern Bell Tel. 
Houston, Texas 


Electric Co., Houston, 


Co., 


Johnson, W.C., Jr , General Electric Co., Schenec- 
tady, N.Y. 

Kaestle, F. L.* Yale University, New Haven, 
Conn. 

Kahn, L., Rutgers University, New Brunswick, 
N.J. 


Keller, C. H., 215 N. Front St., Columbus, Ohio 

Kitchin, D. W., Simplex Wire & Cable Co., 
Cambridge, Mass. 

Kniphuisen, R. F., American Tel. & Tel. Co., 
New York, N. Y. 

Koch, G. S., Charles W. Jones, Attorney-at-Law, 
Washington, D C. 

Koontz, R. M., Koontz-Wagner 
So. Bend, Ind. 

Krift, R. B., Union Gas & Elec. Co., Cincinnati, 
Ohio 

Ligh, C., Piezoelectric Laboratories, New Dorp, 
Sali Naas 

Lyon, D. A., Philadelphia Suburban-Counties 
Gas & Elec. Co., Norristown, Pa. 

MacHaffie, F. B., Rensselaer Polytechnic Insti- 
tute, Troy, N. Y. 

Maggi, E. C., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Mather, T. T., Public Service Elec. & Gas Co., 
Passaic, N. J. 

MeNeil, B., Commonwealth Edison Co., Chicago, 
Ill. 


Elec. Co., 


Meador, B. F., General Electric Co., Kansas 
City, Mo. 

Merrill, O. E., Mass. General Hospital, Boston, 
Mass. 

Miller, H. C., (Member), Southwestern Lt. & 


Pr. Co., Lawton, Okla. 

Morey, C. H., Brooklyn Edison Co., Brooklyn, 
INA Ge 

Newton, O. A., Public Service Elec. & Gas Co., 
Irvington, N. J. 

O’Donnell, E. D., Southwestern Bell Tel. Co., 
Houston, Texas 

Olson, F. G., Houston Lighting & Power Co., 
Houston, Texas 

O’Toole, M., Ohio Brass Co., Mansfield, Ohio 

Palmer, J. H., General Electric Co., Schenec- 
tady, N. Y. 

Peters, R. H., Southwestern Bell Tel. 
Houston, Texas 

Pfalzgraff, R. M., General Electric Co., Lynn, 
Mass. 

Pickett, G., U. S. Navy Dept., Navy Yard, 
New York, N. Y. 


Co., 
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Puente, M. J., Compania Cervecera Internacional, 
Havana, Cuba 

Reinken, L. W., American Tel. 
New York, N.Y. 

Riethmiller, E. R., Cardon Corp., Jackson, Mich. 

Rogers, A. H., New England Public Service Co., 
Augusta, Me. 


& Tel. Co., 


Rojos, L., Pan American Union, Washington, 
DUG: 

Roth, J. W., A. T. & S. F. Railroad Co., Amarillo, 
Texas 

Schomer, J. M., Western United Gas & Elec. Co., 
Aurora, Ill. 


Schumacher, A. E. W., New York Telephone Co., 
Mt. Vernon, N. Y. 

Seaman, B. C., Elliott Co., Ridgway, Pa. 

Seletzky, A. C., Johns Hopkins University, 
Baltimore, Md. 

Sherman, K. S., General Electric Co., Oakland, 
Calif. 

Sherwood, W. W., Yale University, New Haven, 
Conn. 

Siddons, E. C., United Elec. Lt. & Pr. Co., 
New York, N. Y. 

Smalley, W. E., Pennsylvania Power & Light Co., 
Hazleton, Pa. 

Smith, F. W., Lafayette College, Easton, Pa. 

Smith, T. Q., American Brown Boveri Electric 
Corp., New York, N. Y. 

Snyder, J: S., (Member), Philadelphia Electric 
Co., Philadelphia, Pa. 

Snyder, W. E., Pennsylvania Power & Light Co., 
Allentown, Pa. 

Somoskie, P. A., Electrical Engineer & Contrac- 
tor, Shamokin, Pa. 

Sparks, R., Westinghouse Elec. 
East Pittsburgh, Pa. 

Staacke, H. F., Westinghouse Elec. & Mfg. Co., 
Houston, Texas ; 

Starr, T. S., University of Akron, Akron, Ohio 

Stocks, B. R., Kansas City Pr. & Lt. Co., Kansas 
City, Mo. ee 
(Applicant for re-election.) 

Stone, W. A., Purdue University, Lafayette, Ind. 

Swift, H. L., Cincinnati Street Railway Co., 
Cincinnati, Ohio 

Tadlock, W. L., Knoxville Power & Light Co., 
Knoxville, Tenn. 

Tanner, S. C., Radio Corp. of America, Bolinas, 
Calif. 

Tarpley, R. E., University of Illinois, Urbana, Il. 

Tchinnis, P. M., Brooklyn Edison Co., Brooklyn, 
IN we ; 

Thomson, W. L., Cornell University, Ithaca, 
INERY : 

Toth, E., Bakelite Corp., Bloomfield, N. J. 

Underwood, H. C., Puget Sound Power & Light 
Co., Everett, Wash. 

Vera, J. E., Mexican Tel. & Tel. Co., Mexico, 
D. F., Mexico 

Verman, L. C., Cornell University, Ithaca, N. Y. 

Viessman, W., (Member), City of Baltimore, 
Baltimore, Md. 

Wagner, H. H., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Warner, L. C., Western Electric Co., Inc., New 
York, N.Y. 

Willis, R. S., Southwestern Bell Tel Co., Houston, 
Texas 

Winterhalter, W. E., 
Chicago, Ill. 

Wright, S. H., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

York, V. O., Detroit Institute of Technology, 
Detroit, Mich. 

Total 133. 


& Mfg. Co., 


General Electric Co., 


Foreign 

Abideen, S., Public Works Dept., Nagpur, Cen- 
tral Provinces, India 

Bewick, R., Municipality of Middelburg, Middel- 
burg, (C. P.), So. Africa 

Branch; L. W., Hawaii Telephone System of the 
Mutual Telephone Co., Hilo, Hawaii 
(Applicant for re-election. ) 

Coffey, L., Sydney Municipal Council, Sydney, 
Australia 
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Evars, A. W., North Metropolitan Elec. Pr. 
Supply Co., Buntingford, Herts., Eng. 

Hano, I., Waseda University, Tokyo, Japan 

Harmer, L. B., Post Office Telephones, New- 
castle-on-Tyne, Eng. 

Total 7. 


STUDENTS ENROLLED 


Abrahamson, Edward F., University of California 
Ackor, William R., Newark College of Engineering 
Adams, Myron D., Worcester Polytechnic Inst. 
Adams, Watson O©., University of New Hampshire 
Agan, James B., University of Wisconsin 
Albright, Robert B., Bucknell University 
Allen, Roy E., University of Oklahoma 
Allgeier, Stanley W., State College of Washington 
Alverson, Robert M., University of Kentucky 
Amtsberg, Lester A., Case School of Applied 
Science 
Anderson, Gustaf A., University of California 
Anderson, Harold T., University of Idaho 
Anderson, Samuel W., University of Kentucky 
Andrews, Fred O., Rose Polytechnic Institute 
Anthony, Clarence W., University of Oklahoma 
Appell, William M., Rice Institute 
Arndt, Mark H., University of California 
Arnold, Shirley, University of Santa Clara 
Ashbaugh, Elwood, Engg. School of Milwaukee 
Ashla, Neeland, Oregon State College 
Ashmead, Eugene, Ohio State University 
Atwood, Bryce O., University of New Hampshire 
Backer, Labon, Virginia Polytechnic Institute 
Baer, Werner K., Newark College of Engineering 
Bailey, Donald S., University of Idaho 
Bailey, Emory P., University of Maine 
Bair, Herbert W., Pennsylvania State College 
Baker, Albert E., Rose Polytechnic Institute 
Ballard, Lawrence E., University of Kentucky 
Bange, Richard M., Pennsylvania State College 
Barker, Virgil R., Ohio State University 
Barnes, Edgar C., Pennsylvania State College 
Barnes, George W., University of Kentucky 
Bartlett, Walter S., University of New Hampshire 
Baston, Whitney M., University of Maine 
Bates, Harold C., Worcester Polytechnic Institute 
Bates, Stephen C., Oregon State College 
Beckley, Frank E., Jr., University of Vermont 
Benner, Arthur H., Engg. School of Milwaukee 
Bennett, Ernest W., Kansas State Agri. College 
Berry, J. S., University of California 
Bevill, James B., Clemson Agri. College 
Bingham, Clifford J., University of Michigan 
Bolton, Curtis F., University of California 
Boston, John P., University of Kentucky 
Boughtwodd, Edwin, Northeastern University 
Bowers, Elwell S., University of California 
Boyd, Clarence N., Colorado Agricultural College 
Boylan, Horace E., Engg. School of Milwaukee 
Boyles, Abbott W., University of New Hampshire 
Bozeman, Richard W., University of Kentucky 
Bradbury, Gordon C., Washington State College 
Britton, J. A., Drexel Institute 
Brockmeyer, H. R., Engg. School of Milwaukee 
Brosman, Granville P., Rose Polytechnic Institute 
Brown, Clifford E., University of Idaho 
Brubaker, Jasper L., Kansas State Agri. College 
Buckminster, Hartford E., University of Arkansas 
Buge, Albie, Engineering School of Milwaukee 
Burelbach, Fred M., Oregon State College 
Burrell, John E., University of Washington 
Bush, George L., Worcester Polytechnic Institute 
Bussell, Cecil W., University of Wisconsin 
Butler, John H., University of Kentucky 
Calhoun, Charles M., North Carolina State College 
Carlson, Lawrence E., University of California 
Carpenter, Haskell, University of Oklahoma 
Carter, Herman T., Ohio State University 
Castler, Joseph H., University of California 
Caulkins, Lloyd E., So. Dak. State School of Mines 
Chase, Willard F., University of Michigan 
Chia, Y. L., Newark College of Engineering 
Churchill, Alfred L., University of California 
Cilley, Putnam, Mass. Institute of Technology 
Clark, Albert C., Oregon State College 
Clark, Galen B., Rose Polytechnic Institute 
Clark, Herbert S., University of Idaho 
Clark, Paul G., University of Detroit 


INSTITUTE AND RELATED ACTIVITIES 


Clay, Murray G., Lafayette College 
Clemens, Eli W., Virginia Polytechnic Institute 
Coe, John M., University of Missouri 
Coggins, Arthur R., University of Maine 
Cole, John H., University of Oklahoma 
Coleman, William N., Clemson Agri. College 
Coon, Alton H., Rhode Island State College 
Cornett, Ewel B., University of Kentucky 
Counts, William L., University of Oklahoma 
Coupland, Bertram R., California Inst. of Tech. 
Crenshaw, Ernest D., University of Arkansas 
Cropper, Robert O., University of Kentucky 
Crosby, Leslie W., Northeastern University 
Culbertson, M, F., University of Oklahoma 
Cullinan, John A., Northeastern University 
Cunningham, Robert M., Haverford Coilege 
Curry, Elden M., University of Oklahoma 
Daebeler, Otto, Drexel Institute 
Dalrymple, Donald D., Penn. State College 
Daniel, Claude W., University of Kentucky 
Darsie, Robert C., University of Kentucky 
Davis, Paul A., Worcester Polytechnic Institute 
Deming, Arthur F., University of California 
Derry, John A., Rose Polytechnic Institute 
Desjardins, George E., University of Maine 
Dick, Charles L., University of Idaho 
Dickinson, Clarence R., University of Wisconsin 
Dickinson, Neil K., University of Akron 
Dicus, Fred E., Jr., University of Idaho 
Dodson, Wayne E., Rose Polytechnic Institute 
Doerle, Walter C., University of California 
Donlon, John E., University of Idaho 
Dowen, Robert H., Rose Polytechnic Institute 
Drake, Leslie P., University of Wisconsin 
Duering, Carl F., University of California 
Edwards, Willard E., University of Oklahoma 
Ellington, Tom S., Jr., North Carolina State Col. 
Ellison, Ralph A., Alabama Polytechnic Institute 
Engel, Ernest D., University of Washington 
Erickson, Harvey, State College of Washington 
Eubanks, Elbert E., University of Arkansas 
Ewing, George MeN., University of Missouri 
Fanson, Wayne R., University of Oklahoma 
Fausey, Carl A., Engg. School of Milwaukee 
Fernlund, Carl A., Case School of Applied Science 
Fettig, Joseph J., Purdue University 
Finley, Samuel F., University of California 
Fisher, Sol, University of Michigan 
Fister, Fred M., University of Kentucky 
Fredendall, Beverly, California Inst. of Tech. 
Fried, Harold V., University of Kentucky 
Funkhouser, Albert W., Purdue University 
Fuss, William H., University of Michigan 
Gable, Albert C., Georgia School of Technology 
Garrison, Homer D., University of Washington 
Geddings, Marvin T., Clemson Agri. College 
Gill, Charles W., University of Kentucky 
Gilmore, Verrill B., University of Maine 
Girard, Walter A., University of Oklahoma 
Goddard, DeWitt R., Worcester Polytechnic Inst. 
Goerger, Orville R., Washington University 
Goldman, Harry L., Worcester Polytechnic Inst. 
Goldstein, Mandel N., University of Wisconsin 
Goodale, R. Wayne, Oregon State College 
Gorbandt, Everett T., University of Kentucky 
Gorsuch, Harry R., University of Missouri 
Grant, John R., University of Michigan 
Graves, James A., Clemson Agri. College 
Gravitt, Frank H., University of Kentucky 
Gray, Elza, University of Oklahoma 
Haeggquist, Willard L., Engineering School of 
Milwaukee 
Haisch, Frederick, Drexel Institute 
Halvarson, Thure, University of Washington 
Hammer, Karl E., University of Washington 
Hammond, Walter W., North Carolina State Col. 
Hamrick, Henry O., North Carolina State Col. 
Harper, Samuel B., Clemson Agri. College 
Harris, Ford E., Engineering School of Milwaukee 
Harrison, Henry, Newark College of Engineering 
Harvey, Arthur J., Jr., Case School of Applied 
Science 
Hatch, Ernest, University of Idaho 
Hattrup, Hubert, University of Idaho 
Hayes, R. A., Clemson Agri. College 
Hegel, Louys G., Univ. of Southern California 
Heilbron, Eric, University of California 
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Hem yhill, David A., University of Kentucky 
Hepler, Kenneth G., Carnegie Inst. of Technology 
Hergott, H. Stanley, University of Kentucky 
Herman, Frank J., Lehigh University 
Hickenlooper, Irby J., University of Florida 
Higgins, Edward A., Ohio State University 
Hoger, Burton E., Engg. School of Milwaukee 
Higley, Harry E., Univ. of Southern California 
Holdaway, Vivian L., California Inst. of Tech. 
Hollingsworth, C. C., Purdue University 
Hollis, Robert W., Jr., University of California | 
Holritz, Fred, Engineering School of Milwaukee 
Horney, Henry W., North Carolina State College 
Horsfall, Joseph D., University of Wisconsin 
Howard, Donald A., Univ. of Southern California 
Howard, Jocephus C., University of Arkansas 
Howard, Wilburn S., University of Oklahoma 
Howe, Bruce, Engineering School of Milwaukee 
Huber, Wayne C., Oregon State College 
Hudson, Jay S., Case School of Applied Science 
Hughes, John R., University of Missouri 
Idehara, Kozo K., University of California 
Ingraham, James W., Kansas State Agri. College 
Ingram, Arthur G., University of Delaware 
Iramme, Richard J., University of Kentucky 
Jacobson, Nathan, University of Delaware 
Johnson, A. S., University of Kentucky 
Johnson, Bert C., Purdue University 
Jones, Kenneth R., University of Idaho 
Jones, Newell K., University of Missouri 
Jones, Robert H., Jr., University of Missouri 
Kelley, Dean P., University of Idaho 
Kelly, John R,, University of Florida 
Kendall, Thomas A,, University of Kentucky 
Kennedy, Evan D., Case School of Applied Science 
Kennedy, Sargent, Harvard University 
Kenworthy, Kenneth P., University of Idaho 
King, Kenneth L., State College of Washington 
Kirchhoff, Rudolf C., University of California 
Knabe, Theodore A., Virginia Polytechnic Inst. 
Knaus, William L., Washington University 
Knicklebine, H. A., Purdue University 
Knight, Arthur W., Worcester Polytechnic Inst. 
Koemich, Edward G., Lewis Institute 
Kostes, John R., Lehigh University 
Kouchnerkavich, Thomas A., Univ. of Michigan 
Kowalski, Frank, Case School of Applied Science 
Kramer, Arthur, University of Washington 
Krammes, William H., Engg. School of Milwaukee 
La Barge, Kenneth F., University of Detroit 
Lachicotte, Frank W., Jr., Clemson Agri. College 
Lambert, Richard C., Lehigh University 
Laughlin, Jess C., University of Kentucky 
Lawler, Thomas L., University of Maine 
Lawyer, James M., Rose Polytechnic Institute 
Lee, Edson C., California Institute of Technology 
Ligon, John T., University of Kentucky 
Lindhurst, Roland W., California Inst. of Tech. 
Lindley, John C., University of Kentucky 
Lindsey, Howard P., University of Arkansas 
Lipscomb, Leo H., University of Missouri 
Loewe, Robert, University of Wisconsin 
Lowe, Lester V., North Carolina State College 
Lukoff, Boris A., University of California 
Lund, Curtis W., University of Washington 
Malstrom, George W., Lewis Institute 
Manley, Jack M., University of Missouri 
Manning, Emmett W., University of Michigan 
Marshall, Lawrence E., Jr., Clemson Agri. College 
Martin, Philip C., Syracuse University 
Massie, Luther L., University of Kentucky 
Mason, Walter C., Pennsylvania State College 
Mathis, Gail, University of Oklahoma 
Maxfield, Frederick A., University of Wisconsin 
May, James W., University of Kentucky 
May, William W., Jr., Georgia School of Tech. 
McCoy, Wayne A., University of Idaho 
McGlynn, Harold J., University of California 
McIntosh, Robert B., Case School of Applied 
Science 
McMurtry, Louis F., Jr., Northeastern University 
MeNair, Irving M., Virginia Polytechnic Institute 
Meier, Wilber L., Purdue University 
Meisenheimer, Edward A., Univ, of Wisconsin 
Meris, Francisco P., Washington University 
Meyer, George W., University of California 
Meyer, Richard H., Purdue University 
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Meyers, Lewis W., Engg. School of Milwaukee 
Miller, George W., University of Idaho 
Miller, Harold J., Washington University 
Mitchell, Dalton C., North Carolina State College 
Mitchell, Walter R., Kansas State Agri. College 
Moench, Herman A., Rose Polytechnic Institute 
Moffat, David D., Jr., University of California 
Moore, Edward D., University of Kentucky 
Moore, James R., University of Kentucky 
Moore, Walter E., Pennsylvania State College 
Moreland, H. D., Oregon State College 
Morrison, Donald J., University of Arkansas 
Moyers, Clarence E., West Virginia University 
Moyers, Walter R., University of Detroit 
Mullaney, J. P., University of Kentucky 
Naftzger, Donald A., Ohio State University 
Neff, Stillman E., Colorado Agricultural College 
Nichols, John H., North Carolina State College 
Niedzielski, Henry F., University of Detroit 
Norton, Frank R., University of California 
Odbert, Eugene, Jr., University of Wisconsin 
Oehlwein, Oscar L., State College of Washington 
O’ Keefe, Francis J., University of Detroit 
Oldenburg, Carl R., University of Wisconsin 
Oldham, Kenneth W., Purdue University 
Olin, Robert W., University of Idaho 
O’Neill, Arthur N., University of Wisconsin 
Paisley, John B., Jr., Alabama Polytechnic Inst. 
Parsons, Bruce L., University of Michigan 
Peters, James W., Jr., Lehigh University 
Peterson, Gunnar C., University of Detroit 
Peterson, William E., Ohio State University 
Pettebone, Orlando R., University of California 
Pfundt, Rudolph E., Washington University 
Phelps, Herbert S., University of Wisconsin 
Plymire, Reginald F., University of Washington 
Poehlman, Frank C., Northeastern University 
Porter, Harold R., University of California 
Powell, Francis C., Drexel Insvitute 
Powell, Jeptha T., Missouri School of Mines 
Price, Earl R., North Carolina State College 
Priem, Ervin S., Engineering School of Milwaukee 
Quirino, Felix, University of Wisconsin 
Quisenberry, E. S., University of Kentucky 
Rand, Philip H., University of Maine 
Randle, Elmer W., Kansas State Agricultural Col. 
Rapp, John C., California Institute of Technology 
Redit, Walter H., University of California 
Reintjes, Irvin C., Purdue University 
Richardson, Clement D., Kansas State Agri- 
cultural College 
Richardson, James R., Georgia School of Tech. 
Riebe, Frank A., Oregon State College 
Rieu, Edmond L., Jr., University of California 
Rigonan, Pio C., University of Detroit 
Roberts, Raymond N., Clarkson College of Tech. 
Roberts, W. P., Purdue University 
Robinson, Albert L., University of California 
Rodhouse, Tom E., University of Missouri 


INSTITUTE AND RELATED ACTIVITIES 


Rogers, John H., Mass. Institute of Technology 

Roos, John A., Rice Institute 

Roser, Clarence O., University of Wisconsin 

Rosswog, Julius G., Case School of Applied 
Science 

Rote, Melvin A., Colorado Agricultural College 

Roush, Harold E., Pennsylvania State College 

Roy, Kiron C., Mass. Institute of Technology 

Runaldue, Lewis R., Virginia Polytechnic Inst. 

Saunders, William T., Virginia Military Inst. 

Schmitz, Lawrence D., University of Idaho 

Schneider, Fred W., Carnegie Inst. of Technology 

Schneider, Ralph P., University of Detroit 

Schoen, F. Clark, Case School of Applied Science 

Schugt, Arthur J., University of Wisconsin 

Schullerts, Frank B., University of California 

Schumacher, Carl, Engg. School of Milwaukee 

Scolari, Wayne, University of California 

Scott, Robert M., University of Washington 

Scott, Virgil, Oregon State College 

Shafer, A. J., University of Wisconsin 

Shahinian, Manoug H., University of Florida 

Sheedlo, Wilfred L., University of Akron 

Sherwood, Edwin T., Purdue University 

Sidhu, Balwant S., University of California 

Sigmon, Loyd, Engineering School of Milwaukee 

Sims, William H., Jr., University of Florida 

Sina, Eduardo, Northeastern University 

Sinram, Maurice H., California Inst. of Tech. 

Skinner, Leo V., University of Missouri 

Smiley, Daniel, Jr., Haverford College 

Smith, Addison J., University of Michigan 

Smith, Leland, Washington State College 

Smith, Nathanael J., Univ. of Southern California 

Snyder, Walter C., Clemson Agri. College 

Spaulding, L. F., Purdue University 

Spence, Wellford D., North Carolina State Col. 

Spike, Harold R., Engg. School of Milwaukee 

Spoor, Lorimer C., University of Michigan 

Spring, George L., Purdue University 

Spurgeon, Ola A., University of Missouri 

Steele, Lloyd E., University of Washington 

Stein, Myer, California Inst. of Tech. 

Steltzlen, Gerald W., University of Arkansas 

Stenzel, Irvin, Kansas State Agricultural College 

Stevenson, Frank W., Jr., Lehigh University 

Stickney, Warren A., University of Maine 

Stitt, William B., University of California 

Stoker, John, Purdue University 

Straley, Munro R., Pennsylvania State College 

Strazzella, Antonio F., University of Delaware 

Stroinski, Bruno C., University of Wisconsin 

Stuehler, Carl M., Newark College of Engineering 

Sweeny, Raymond L., Clemson Agri. College 

Sweet, Alva L., University of Wisconsin 

Sylvester, Elwyn G., University of Maine 


Talbott, Curtis L., University of Idaho 


Tapy, Francis E., Rose Polytechnic Institute 
Tarke, George W., University of California 
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Tayler, Ralph A., University of Idaho 

Taylor, Clair F., Oregon State College 

Taylor, Clyde O., University of Missouri 

Terrill, Flanery O., University of Kentucky 

Tharat, Udom K., Lafayette College 

Thomas, John R., University of California 

Thompson, Charles W., Northeastern University 

Thompson, David L., Rose Polytechnic Institute 

Thornburg, Harold A., University of Kentucky 

Tilton, Charles S., Oregon State College 

Timmerman, John C., Jr., Georgia School of Tech. 

Toepfer, Adolph H., University of Wisconsin 

Toomey, Frederick W., Kansas State Agri. College 

Towne, Alfred, California Institute of Technology 

Treadway, Quentin, University of Kentucky 

Treece, Clyde C., University of Arkansas 

Trolese, Louis, University of California 

Trout, Warren B., University of Oklahoma 

True, Carl D., University of Maine 

Turpin, Allan F., University of Wisconsin 

Turton, Roy J., University of Wisconsin 

Varney, Frank H., University of California 

Vukota, George W., University of Santa Clara 

Wachs, Louis J., University of Kentucky 

Wagner, Herbert F., South Dakota State School 
of Mines 

Wagner, Stephen J , Newark College of Engg. 

Walter, William, University of Kentucky 

Waltz, Kenneth R., University of California 

Warnock, Wendell S., University of Kentucky 

Watton, Harold B., Northeastern University 

Weinfeld, William, Northeastern University 

Weisenberger, George A., University of Kentucky 

Weiser, Lawrence G., University of Missouri 

Weller, Marrine G., University of Missouri 

Welter, Miles G., University of Michigan 

Welty, John W., Georgia School of Technology 

West, Noble W., University of Kentucky 

Wheeler, Kenneth E., Univ. of New Hampshire 

White, Clarence E., University of Akron 

White, Max S., Rose Polytechnic Institute 

Whitesel, Joseph C., Virginia Polytechnic Inst. 

Whittenton, James M., North Carolina State Col. 

Widess, Rubin, California Institute of Technology 

Wiinikka, Arthur O., Northeastern University 

Willard, Sherman G., Univ. of Southern California 

Williams, Charles E., University of California 

Williamson, James D., University of Kentucky 

Woltila, John J., University of California 

Woods, William A., University of Oklahoma 

Wright, Charles I., University of California 

Wright, Delmar, Univ. of Southern California 

Wright, Frank A., University of Arkansas 

Yamasaki, Frank, University of California 

Yates, David A., University of Oklahoma 

Zastrow, Irvin E., University of Wisconsin 

Zdrovomysloft, Peter V., University of California 

Zook, Charles W., Lafayette College 

Total 422. 
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OFFICERS A. I. E. E. 1928-1929 


President 
R. F. ScHUCHARDT 


Junior Past Presidents 
BANCROFT GHERARDI 


E. B. MERRIAM 
H. A. KIDDER 


C. C. CHESNEY 


Vice-Presidents 
O. J. FERGUSON 


E. R. NORTHMORE 


J. L. BEAVER W. T. Ryan 

A. B. CooPER IE ADs hag ef 

C. O. BICKELHAUPT G. E. QuINAN 
Directors 

M. M. Fow.Ler F. C. HANKER 

E. C. STONE E. B. MEYER 

C. E. STEPHENS H. P. LivERSIDGE 

I. E. MouLtTrop J. ALLEN JOHNSON 

H. C. Don Cartos A. M. MacCuTcHEON 

F. J. CHESTERMAN A. E .BETTIS 


National Treasurer 
GEorRGE A. HAMILTON 


National Secretary 
F. L. HUTCHINSON 


Honorary Secretary 
RALPH W. Pope 


General Counsel 
PARKER & AARON 
30 Broad Street, New York 


LOCAL HONORARY SECRETARIES 


T. J. Fleming, Calle B. Mitre 519, Buenos Aires; Argentina, S. A. 


H. W. Flashman, Aus. Westinghouse’ Elec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, N. S. W., Australia. 


F, a8 Servos, Rio de Janeiro Tramways, Light & Power Co., 
razil. 


Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France.; 

F. W. Willis, Tata Power Company, Bombay House, Bombay, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury College, Christchurch, New Zealand. 

Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


(A list of the personnel of Institute committees may be found in the September 
issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 


EXECUTIVE, R. F. Schuchardt 

FINANCE, E. B. Meyer 

MEETINGS AND Papers, H. P. Charlesworth 

PuBLicaTIon, W. S. Gorsuch 

CooRDINATION OF INSTITUTE AcTiviTIEs, H. A. Kidder 

BOARD oF EXAMINERS, E. H. Everit = 
SrEcTIONS, W. B. Kouwenhoven 

STUDENT BRANCHES, J. L. Beaver 

MEMBERSHIP, J. E. Kearns 

HEADQUARTERS, R. H. Tapscott 

Law, C. O. Bickelhaupt 

Pustic Poticy, D. C. Jackson 

STANDARDS, F. D. Newbury 

EpIsOoN MEDAL, Samuel Insull 

LAMME MEDAL, Charles F. Scott 

CopDE OF PRINCIPLES OF PROFESSIONAL ConpuctT, H. B. Smith 


Rio de Janeiro, 
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CoLuMBIA UNIVERSITY SCHOLARSHIPS, W. I. Slichter 
AWARD OF INSTITUTE PrRizEs, H. P. Charlesworth 
SAFETY Cops, F. V. Magalhaes 


SPECIAL COMMITTEES 


Apvisory CoMMITTEE TO THE MUSEUMS OF THE PEacerut Arts, J. P.fJackson 
LICENSING OF ENGINEERS, Francis}Blossom 


TECHNICAL COMMITTEES AND CHAIRMEN 
Automatic Stations, W. H. Millan 
Communication, H. W. Drake 
EpucaTion, Edward Bennett 
ELECTRICAL MACHINERY, W. J. Foster 
ELeEctTric WeLpING, A. M. Candy 
ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
ELeEctropuHysics, V. Karapetoff 
GENERAL POWER APPLICATIONS, J. F. Gaskill 
INSTRUMENTS AND MEASUREMENTS, Everett S. Lee 
APPLICATIONS TO IRON AND STEEL PropuctTion, M. M. Fowler 
PRODUCTION AND APPLICATION OF LiGHT, B. E. Shackelford 
APPLICATIONS TO MARINE Work, W. E. Thau 
APPLICATIONS TO MINING WorK, Carl Lee 
Power GENERATION, F. A. Allner 
Power TRANSMISSION AND DISTRIBUTION, H. R. Woodrow 
PROTECTIVE Devices, E. A. Hester 
RESEARCH, F. W. Peek, Jr. 
TRANSPORTATION, W. M. Vandersluis 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of thejrepre- 
sentatives may be found in the September issue of the JOURNAL.) 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 
AMERICAN BUREAU OF WELDING 

AMERICAN COMMITTEE OF ELECTROLYSIS 

AMERICAN ENGINEERING COUNCIL 

AMERICAN MARINE STANDARDS COMMITTEE 

AMERICAN STANDARDS ASSOCIATION 

AMERICAN YEAR Book, ADvisORY BOARD 

BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 

CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 
CoMMITTEE OF APPARATUS MAKERS AND USERS, NATIONAL RESEARCH COUNCIL 
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 
COMMITTEE ON HEAT TRANSMISSION, NATIONAL RESEARCH COUNCIL 
ENGINEERING FOUNDATION BOARD 

JouHN Fritz MEDAL BoArRD oF AWARD 

JoIinT COMMITTEE ON WELDED RalIL JOINTS 

JoIntT CONFERENCE COMMITTEE OF FoUR FOUNDER SOCIETIES 

LIBRARY BoarD, UNITED ENGINEERING SOCIETY 

NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 

NATIONAL FIRE WASTE COUNCIL 

NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION 
THE NEWCOMEN SOCIETY 

Rap1o ADVISORY COMMITTEE, BUREAU OF STANDARDS 


SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI- 
GATION AND COORDINATION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL COMMISSION ON 
ILLUMINATION 


U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
CoMMISSION 


WASHINGTON AWARD, COMMISSION OF 


LIST OF SECTIONS 


Name Chairman - Secretary 

Akron John Grotzinger H. C. Paiste, No. Ohio Pr. & Lt. 
Co., Akron, Ohio 

Atlanta H. L. Wills Ww. EF. Bellinger, Elec. & Gas 
Bldg., Atlanta, Ga. 

Baltimore W.B.Kouwenhoven R. T. Greer, Cons. Gas Elec. Lt. 

. & Pr. Co., Lexington Bldg., 

Baltimore, Md. 

Boston H. B. Dwight G. J. Crowdes, Simplex Wire & 
Cable Co., Sidney Street, 
Cambridge, Mass. 

Chicago P. B. Juhnke T. G. Le Clair, Commonwealth 
Edison Co., Rm. 822, 72 W. 
Adams St., Chicago, IIl. 

Cincinnati R. C. Fryer L. O. Dorfman, Westinghouse 
E. & M. Co., 3rd & Elm Sts., 
Cincinnati, Ohio 

Cleveland E. W. Henderson P. D. Manbeck, National Carbon 
Co., Madison Ave. West 

: 117th St., Cleveland, Ohio 

Columbus W. E. Metzger R. A. Brown, 87 E. Dunedin Road, 
Columbus, Ohio 

Connecticut E. J. Amberg R. G. Warner, Yale Univ., 10 


Hillhouse Ave., 
Conn. 


New Haven, 


Name Chairman Secretary : 
Dallas G. A. Mills A. Chetham-Strode, Dallas Pr. 
& Lt. Co., Interurban Bldg., 
Dallas, Texas 
Denver L. N. McClellan R. B. Bonney, Telephone Bldg. 


P. O. Box 960, Denver, Colo. 


Detroit-Ann Arbor A. H. Lovell L. F. Hickernell, Commonwealth 
Power Corp., 212 Michigan 
Avenue, West, Jackson, Mich. 

Erie M. L. Elder A.W. Wennerstrom, General 
Electric Co., Erie, Pa. 

Fort Wayne C. F. Beyer J. F. Eitman, 1841 Broadway, 
Ft. Wayne, Ind. 

Houston C. A. Williamson L. K. Del Homme, Houston 

. Lighting & Power Co., Houston, 

Texas 

Indianapolis-Laf. Herbert Kessel G. R. Anderson, 2060 North- 
western Ave., Fairbanks, 


Morse & Co., Indianapolis, Ind. 
R. F. Chamberlain H.H. Race, School of Elec. Engg., 
Cornell University, Ithaca, N. Y. 
B. J. George A. B. Covey, Southwestern Bell 
Tel. Co., Kansas City, Mo. 
H. D. Baldwin E. F. Weaver, Pa. Pr. & Lt. 
Co., 901 Hamilton St., Allen- 
town, Pa. 


Ithaca 
Kansas City 
Lehigh Valley 
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Name Chairman Secretary Name 
Los Angeles H. L. Caldwell N. B. Hinson, Southern Cal. Rochester 
Edison Co., 38rd and Broadway, 
Los Angeles, Cal. 
Louisville E. D. Wood N. C. Pearcy, Louisville Gas & St. Louis 
Blecuns oo oy W. Chestnut 
t., Louisville, Ky. A 
Lynn Charles Skoglund Y. R. Holmgren, Turbine Engg. San Francisco 
Dept., G. E. Co. Bldg. 64 G, 
: Lynn, Mass. 
Madison L. J. Peters L. C. Larson, Dept. of Elec. Engg., | Saskatchewan 
University of Wisconsin, Madi- 
son, Wisconsin Schenectady 
Mexico P. M. McCullough F. Aubert, 2 A de Queretaro 22, 
Mexico City, Mexico 
Milwaukee E. R. Stoekle R. R. Knoerr, Engr., Knoerr & Seattle 
Fischer, 553 Milwaukee St., 
Milwaukee, Wis. Sharon 
Minnesota M. E. Todd V. E. Engquist, Northern States 
Pr. Co., Rice & Atwater Streets, Southern Virginia 
St. Paul, Minn. 
Nebraska C. D. Robison L. F. Wood, Room 1319, Tele- Spokane 
phone Bldg., Omaha, Neb. 
New York H. Tapscott H. S. Sheppard, Dept. of Dev. & 
Research, Amer. Tel. & Tel. Springfield, Mass. 
Co., 195 Broadway, New York, 
N.Y: 
Niagara Frontier G. H. Calkins E. P. Harder, Buffalo General Syracuse 
Electric Co., 205 Electric Bldg., 
Buffalo, N. Yy. Toledo 
Oklahoma C. V. Bullen (ee me plat, Dee tet pee: 
ngg-, niv fo) ahoma, 
Norman, Okla. ERS 
Panama 
Urbana 
Philadelphia L. F. Deming R. H. Silbert, Philadelphia Elec- 
tric Co., 2301 Market St., 
. Philadelphia, Pa. Utah 
Pittsburgh H. E. Dyche if ANie cadwalladae The pen 
elephone Co. o a. 4 t 
Ave., Pittsburgh, Pa. YOON 
Pittsfield J. R. Rue ¥V. M. Montsinger, General Elec- 
tric Co., Pittsfield, Mass. Washington 
Portland, Ore. L. M. Moyer H. H. Cake, Pacific State Elec. 
Co., 5th and Davis Streets, 
Portland, Ore. Worcester 
Providence A. E. Watson F. W. Smith, Blackstone Valley 
Gas & Elec. Co., Pawtucket, 
Reals Total 54 
LIST OF BRANCHES 
Name and Location Chairman 
Akron; Municipal University of, Akron; Ohio... acs sisierereeis osertiesie sieide siete sie C. D. Tinley 
Alabama Polytechnic:Institute;sAuburn, Alain .c-tvews) seieieieietocie sero ee ietelelerereteiete W. P. Smith 
Alabama; Universityxor,. University» Alas .crsclsveicis «evererensvareneus of ctenchoretene ke oeraieiciere 
ATIZONA NU MLVELSity Of, eu CSOMs ATIZ 1 tetene rerleteorere recor vas etercuerate relsisrameisnalarere tener J. H. Hopper 
Arkansas, University of, Bayettevalles Ark. oi.:sie ccs) cieeleater cis tate oierereiersieie elersteneint Oe W.H. Mann, Jr. 
Armour Institute of Technology, 3300 Federal St., Chicago, Ill................ C. J. McDonald 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. H. F. Steen 
BucknelliUniversity/Iewisbtrg, (Pa sicveastcieis <lerece c sleveleite oiarsl ee iioretauteiere ote ore teystele R. E. Snauffer 
California Institute of Technology, Pasadena, Calif.............c0cececccevees G. R. Crane 
California, University of, Berkeley, Califia cen, <i. eens os oleinieieiere oie one ereieiets »»H. H. Hyde 
Carnevie Institute of Technology, Pittsburgh, Pa... oscars «ir eee cic cic sielcie ee G. M. Cooper 
Case School of Applied Science, Cleveland, Ohio.............ccccccccecccecs W. A. Thomas 
Catholic University of America, Washington, DD. ©..1 = <a siaresisie cisisieyeseielcisiomiecse 
Cincinnati, Universityof, (Cincinnati, (Ohio; «<< cysts’ 10 atelier lesatoastn aleve s/o) etelayniesiote C. E. Young 
Clarkson College of Technology, Potsdam, N. Y..........cccscecccscccccsecs D. R. Carpenter 
Clemson Agricultural College, Clemson College, S. C....... ccc eee ee cece eee Laird Anderson 
Colorado State Agricultural College, Fort Collins, Colo...............00e00008 G. W. Mitchel 
Colorado, University of, Boulder; Coloma. wesiise.ciincs oreiereiere ores ie sil icieiel okenetenete H. R. Arnold 
Cooper Umion, sNeWayOLict Non Verse non siokeretareioieic cheralos ave einneaiatersialsise eeicten toni Wilfred Henschel 
Wenvyer,;Universitycors Wetver Colo sowictorsenccevoievscass saree olere re aleteicsaionere tareteretetote J. N. Petrie 
Detroit, University of, Detroit, HMich seit crauercuscre overs 0 s1e1e10 elec ovesajoleie e oleveeetaevale E. T. Faur 
Drexeleinstitute; Philadelphia; Pa ww. .yccve tic usw evarereloieielelacainialeviaiein ee atere neers D. M. Way 
Duk CaUniversity Durham. iNe Crswee estore ne nistte teres acne Mote Co Een W. E. Cranford 
Miorida,wuniversity of, (Gainesville, Mai. tererasieteteveielerstere nie) svale bic tereicielere e cteetee A. W. Payne 
Georgia/School.of ‘Technology, Atlanta, Gariiec cic ne scree 00% aie e siceveroeie ontvaberere E. M. Burn 
Edaho University of Moscow; Idaho sae ctociete sctee « nrc ncwasisisieic sieiet ere eneteete O. C. Mayer 
TowauState College cAmes, Towa .\...:. + svajsvateie eraisie srerrs'c see asencre evo nemeetoete etre tne R.R. Law 
lowa;.otate University Of, Lowa City, OWA scisjes soca cwisicle cso eine renee 
KansasiState college, Vianhattan, Kansas ccc ccveca ci ccintniericlom nie nore H. C. Lindberg 
KANSAS UNIVErsity Of, WawrenCe, ICANS) 7 sc\tcicis clare s systoss leVole\erslavelaveralerare lore eeerore A. E. Keefe 
Kentucky suniversityior, Lexington, Kiy-yc acters lactierc’e </o10/c 0 lerdlok erie stoloe erties C. W. Daniel 
Latavyetie College, aston, Wea ey. ac cies aivisteeletcis, suave @ erecta evessie tis ase ees esee EET H. W. Lovett 
Pohigh University, Bethlehem, Pa sic.55:6 sve tic.orzp » 4:0 siesaletelcic.e iets elercisinie Siensleroieeetee S. R. Van Blarcom 
ALOWISITISHICULE  CHIGALO! Ll va vy cicitteets cre eee oie ono o.o tie tare eho a elute as oe OT A. Gaimari 
Louisiana: State: University, Baton Rouge,Tia nc sc. s<5.o-0.2.05.0:00c otis crelderlene 6 
Otis ville; UDIVEISILY Of MLOUISVIlLe HICY’ = «. o/-\cccroieis areieisiele cleceie icrern eve crete neler Samuel Evans 
Maine sUniVversity Of, Orono, Mainie,..stacire.c > oe ore cisciciicsicie.ec re oie cram eet A. V. Smith 
Marquette University, 1200 Sycamore St., Milwaukee, Wis............6. .....P. C. Neumann 


Massachusetts Institute of Technology, Cambridge, Mass.............e.e0005 R. M. Durrett 


Chairman 
H. E. Gordon 


C. P. Potter 
B. D. Dexter 


E. W. Bull 


E. S. Lee 


C. R. Wallis 
H. B. West 

W. S. Rodman 
Bernhard Olsen 


J. F. Murray 


W. R. McCann 
W. T. Lowery 
E. M. Wood 


J. K. Tuthill 


C. B. Shipp 
C. W. Colvin 


L. D. Bliss 


A. F. Snow 


Secretary 


G. E. Burkholder 
C. W. Meyer 
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- Osterbrock 
- Joy 
- Callaham 
. Nohr 
. Stoeckly 
. Reuter 
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. F. Haldeman 
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« Kenworthy 
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. Massie 
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eo Weinshank 
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ae 
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. E. Schmitz 
. O. Urban 


. Berglund, Jr. 


Journal A. I. HB. E. 


Secretary 


C. F. Estwick, 
Railway Signal Co., 


E. G. “McLagan. 2188 Railway 
Exchange Bldg., St. Louis, Mo. 


A. G. Jones, General Electric Co., 
ore Russ Bldg., San Francisco, 


c/o General 
Rochester, 


S. R. Parker, 2460 Montague 
St., Regina, Sask., Canada 


E. E. Johnson, Room 435, Bldg. 
No. 2, General Electric Co. c0 
Schenectady, INE NG 


age Rader, Puget Sound Pr. & 
Lt. Co., Seattle, Wash. 


J. B. Gibbs, Westinghouse Elec- 
tric*& Mfg. Co., Sharon, Pa. 


J. .S. Miller, Box 12, University, 
Va. : 


H. L. Vincent, General Electric 
Co., 402 Paulsen Bldg., Spokane, 
Wash. 


B. V. K. French, Am. Bosch 
Magneto Corp., Springfield, 
Mass. 


F. E. Verdin, 614 City Bank Bldg., 
Syracuse, ‘N.Y. 


Max Neuber, 1257 Fernwood Ave 
Toledo, Ohio 


W. F. Sutherland, Toronto Hydro 
Elec. System, 225 Yonge St., 
Toronto, Ont., Canada 


M. A. Faucett, University of 
Illinois, 301-A Elec. Engg. 
Laboratory, Urbana, IIl. 


A. C. Kelm, 133 So. West Temple 
St., Salt Lake City, Utah 


J. Teasdale, British Columbia 
Elec. Railway Co., Vancouver, 
B.C., Canada 


R. W. Cushing, Federal Pr. Comm., 
Interior Bldg., 18th & F Sts., 
N. W., Washington, D. C. 


F. B. Crosby, Morgan Constr, 
Co., 15 Belmont St., Worcester. 
Mass. 


Counselor 
(Member of Faculty) 


J. T. Walther 
W. W. Hill 


J. €. Clark 

W. B. Stelzner 
D. P. Moreton 
Robin Beach 

W. K. Rhodes 

R. W. Sorensen 
T. C. McFarland 
B. C. Dennison 
H. B. Dates 

T. J. MacKavanaugh 
W. C. Osterbrock 
A. R. Powers 

S. R. Rhodes 

H. G. Jordan 

W. C. DuVall 

N. L. Towle 

R. E. Nyswander 
H. O. Warner 

E. O. Lange 

W. J. Seeley — 


. S. Hannaford 

. H. Johnson 

. A. Fish 

. H. Ford 

. G. Kloeffler 
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. E. Freeman 
Morland King 

J. L. Beaver 

F. A. Rogers 

M. B. Voorhies 
D. C. Jackson, Jr. 
W. E. Barrows, Jr. 
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‘ : Counselor 
Name and Location Chairman Secretary (Member of Faculty) 

Michigan State College, East Lansing, Mich M. H. Blivin W. G. Keck M. M. Cor 
etichigan, University of, AnnvAr bor Michiwcnae sccm me marries oeleeaierns 2s a W.R. Hough H. L. Scofield 13), 10r Bailey 
Ae AED School of Engineering of, 163 East Wells St., Milwaukee, Wis.. G. E. Henkel T. J. Coleman, Jr. tee ball 
Senn Universityfote Minneapolis) Minnie wire ttieneetenien iin cscs tet C. L. Elliott C. J. Johnston J. H. Kuhlmann 
iE crea de Agricultural & Mechanical College, A. & M. College, Miss......... R. S. Kersh L. L. Stokes L. L. Patterson 

issouri School of Mines & Metallurgy, olla loci titster seine meee ta H. H. Brittingham E. J. Gregory I. H. Lovett 
Missouri Universitysot, Columbia, NMomneue asta iao sale eles cl aimenne. G. L. Crow C. B. Holt M. P. Weinbach 
Montana State College, IB Oveman monte yer mieratermelseisic ty cccrere teletuic w/aloices.« J. M. Fjeld G. E. West J. A. Thaler 
Nebraska, University Ofpbincoln, INebi tw cei oicisiow sin timeniaie et eis eisieeres G. W. Cowley L. T. Anderson F. W. Norris 
WevadassUniversityzof meno Nevadabennc mort cintion oc ste ese cite seerocnce oie Alden McCullom A. B. Chace S. G. Palmer 
Newark Collegeof Engineering, 367 High St., Newark, New Jersey............ Cy Bs Hurd! W.R. Ackor 
New Hampshire, University of, Durham, N. H..........c0ceeesceeeeceet anes Je pierce M. W. Cummings L. W. Hitchcock 
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y..... Daniel Klatzko Walter Broleen Harry Baum 
New York University, University ieksrealahicy IN? Words Ne Sica ododonn anu GueKs G. A. Taylor A. W. Schneider J. L. Arnold 
North Carolina stateiCollego,uRalcigh WN. (Cu. e rein cies c clesn seine cleiols Sree O. M. Carpenter W. E. Moseley R. S. Fouraker 
North Carolina, University of, Chapel Hill, N. C....0..00.02+cccecccceenceroe W.N. Michal C. P. Hayes, Jr. 
North Dakota, University of, University Station, Grand Forks, N. D........... J. K. Walsh O. A. Aaker D. R. Jenkins 
Northeastern University, 316 Huntington Ave., Boston 17, Mass.............. R. W. Cleveland H. F. Wilder W. L. Smith 
Notre Dame, Universitysol, NotresD amen laches ohide cote seieniseit omen ceters J. J. Donahue F. J. Weiss J. A. Caparo 
Ohio Northern University, Ada; Ohio acrciae sts sien siacoieote avert orale acniehaie cist ts R. F. Rice R. A. Lash I. S. Campbell 
Ohio State University.) Columbus Osen re cette cy. citerniciottalel wel: ofatekel etabotskoreye R. H. Spry G. W. Trout F. C. Caldwell 
OBiogUniversitysAthens,. O:.., t4c onsen a ree oe ecient ovate brea cen tae Clarence Kelch H. W. Giesecke A. A. Atkinson 
Oklahoma A. & NisColleg es Still waters Olclatian < ccjcrmice elie see e tiers s elerene acces Benny Fonts J. D. Robertson, Jr. Edwin Kurtz 
Oklahoma, University of, Norman Oka cee ctecce sonia siosrshersiers ietscsteraee aitierenvee ©. Ki. Ittner Le Roy Moffett, Jr. F. G. Tappan 
Oregon srarenColleserCorvallis1Ore wee nie aise cme inete ciiticn Serer wiatsiolaoee Harry Loggan A. W. Swingle F. O. McMillan 
Pennsylvania State College StaterColleze wear cet e pm delenit ae cisnrsei rales H. W. Bair J. F. Houldin L. A. Doggett 
Pennsylvania, Uitiversitycorueitladelpnias lan pcre ee emir ar. enrestoncier ss H. W. Brown, Jr C. D. Fawcett 
intsbursheUmiversityeof soittsburehy Past esse case aepi te cise ieee + Je Bs Luce J. G. Hoop H. E. Dyche 
PexInCeLOayU Diversity me rinceLon: INEM Mosc aeiies sities mehr eiele eieres ne meine W. V. G. Eakins C. F. Nesslage Malcolm MacLaren 
BErd denUmiversity, Watayette, Indian arg inci c oes )eiYerels e011 fe. cs aye) ee elo la evens ose J. F. Nuner P. C. Sandretto A. N. Topping 
ReneselaersPolytechnic institutes Troy, Ne Vs. i.e var eie ce ec be oemenecnes S. E. Benson David Younger F. M. Sebast 
Rhodelisland’S tate College; Kingston. Relltuina sc. om fora teers css eys/leiereicisrorercte eis F. E. Caulfield A. Z. Smith Wm. Anderson 
Rose Polytechnic Institute berreselatite sind. evs acc siclarcigiclois eg ee eres steers R. H. Dowen G. P. Brosman C. C. Knipmeyer 

BleerssUniversity, New, brunswick. Nie Jeti sacra +o sala inctstere mms ceri. 6 John Cost H. M. Hobson R. S. Creager 
Santa Clara, sUniversitysot,y oanta Claray Calif so... jc cise iiaeride se oles an . L. Quinn T. L. Selna L. J. Neuman 
Poutn Carolina, Universitysof Golumbias io (Cine siccis «sisters sh clave Selects ale, srncieve ues W. E. Eargle L. A. Griffith T. F. Ball 
South Dakota State schoolot Mines; RapiduCityiyioe Dir. seer cece os L. M. Becker R. Mytinger, Jr J. O. Kammerman 
South Dakota, University of, Vermillion, Re rctotaliie to cteuw ote wt eiiaiailei ate vaypica'erswifareaa Rete “< C. R. Cantonwine Paul Schel. B. B. Brackett 
Southern California, University of, Los Angeles, Calif..............seeeseeees D. R. Stanfield A. B. Cutts P. S. Biegler 
SiantordsUniversity sotantorduWniversitye Califon. ccsmecs vee dees o* oe caer N. R. Morgan W. G. Snyder T. H. Morgan 
Stevens Institute of Technology, Hoboken, N. J........0cccceevevecceeeeeece W. N. Goodridge F. C. Stockwell 
Swarthmore College Bomar nmore mee etre seeter)- flaps uehe ste shete evelereraiereclstaesyers D. B. Spangler B. C. Algeo Lewis Fussell 
Syracuse University, SOV MACS’ MUNG MA Gene a teres aeons rye arare ue ictarcie Sieer aia eietenaltomersnets F. C. Casavant J. H. Behm C. W. Henderson 
mennessee, University Of, KnOXVille, Lenn’. oci< <u atlas sole aresidle suis seine s see O. D. Fleming E. E. Moyers C. A. Perkins 
Texas, A. & M. College of, College Station, Texas...............0eeeeeeeeee H. L. Willke 
Texas, Wmiversitys Of CATStIns hea vides s/s ieisleesyiaveracs anes niciaiolsieie/sieiec1® sfaitis/ain +> Ab Martin H. A. Tankersley J. A. Correll 
Utah, University Gi, Salty WAS Cine WCE» coos aconubou 00 0d0s bobo uoNuacoae N. M. Chapman Garnett Littlefield 
Vermont, UMIVErsity Of wb urlime toms Vibe, week aletars ciclo n evsieiss 6 ehalelscetolelster visit ere Gites F. L. Sulloway L. G. Cowles L. P. Dickinson 
WarginiarMilitaryinstitnte lexington.) Velacne seg oc) cies cir or cde oire ede os Lomax Gwathmey R. A. Wright S. W. Anderson 
Virginia Polytechnic Institute, Blacksburg, Va............0.sscccesesenseene J. L. Rothgeb Labon Backer Claudius Lee 
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Quantitative Mechanical 
(Bergvall and Robinson) June, 


Transient Disturbances. 


R 
Radio Acoustic Position Finding in Hydrography. 
(SOryice es bo eabe tate arearec tena cr tere reer September, 
= (BEACONS ha = ve aera rupee ee oxen eae ew nee August, 
— Bill Provides Equal Allocation................. April, 
— Equalization Plan Started......................May, 
— Fading in the Broadeast Range................ ugust, 


Railroad Traction, Interconnection of Power and. (Encke) 


July, 
Railway Electrification, High-Speed Cireuit Breakers for. 
(Willcom) aa. caer msi emcee ene ae December, 
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Railway Electrification in Cascades, Great Northern. 
(Moreland and Booth)..............November, 
Signals, Power Supply for. (King).......... September, 
Railways, Arrangement of Feeders and Equipment for 
Hiectritied.” (Morton)... sce ee ere November, 
Rationalization of Transmission System Insulation 
Stroneths (Sporn) ee: eae: cee oe September, 
Reactance of Synchronous Machines, The. (Park and 
Robertson) coh vee en en er ee oe May, 


—_— — — — — Caleulation of the Armature. (Alger) rine i 


Recent Improvements in Turbine Generators. (Mitchell) 
une, 

— Installations of Large Airway Beacons............ May, 
— Publieations by the Bureau of Standards...... February, 
Recorder, High-Speed. e CElalil) eee eens aie eee July, 
—, The Hall High-Speed. (Tingley)........... January, 
Rectifier, Automatic Mereury-Are Power. (Turley) 
October, 

—, Operation and Performance of Mercury Are. 


(ANTONIONG):- Ae Soe sie ee ae eee di 
— Substations, Mereury Are. (Wood)........... 
—, The Vacuum Tube. (Kuhlmann and Barton) January, 


Reetifiers, Effect of Street Railway Mercury Are. ey 
U Y, 

Regulators, Automatic Voltage. (Nickle and Carothers) 
July, 

Relation between Transmission Line Insulation and Trans- 
formers nsulation=ss(uewis) mashes erie ise ee September, 
Relay, The Impedance. (McLaughlin and Hrickson) 
April, 


Relays for Protection of Power System Interconnections, 

The Application of. (Crichton and Graves). . February, 
Research, Report of Committee on. (Peek).. July, 
Residual Air and Moisture in Impregnated ‘Paper Insu- 


lation. (Whitehead, Kouwenhoven, and Ham- 

OUP O 1) Ree tas 8 et noe nee een August, 

— Voltages and Currents in Power Systems. (Corbett) 

November, 

Resonance and Anti-Resonance, Parallel. (Seeley) 

September, 

Rocky River Hydroelectric Development. (Amberg) 

August, 

Rolling Mills, Synchronous Motors for Driving Steel. 

(Berks ninetan de VWs 6) aera tenner nen meena: February, 

——, The Driveof Tandem. (Kenyon)........... June, 

Rubber, Electric Conduction in Hard. (Race). .November, 
S 

Saturation Permeameter. (Gokhale).. . March, 


Selection of Motor Equipment by Principle ‘of “Similar 
Speed-Time Curves. (Widell).............. December, 
Shunting of Track Cireuit in a Polyphase System. 


(istry ks pause rg ones thee. a, ear ae July, 
Signals, Power Supply for Railway. (King)... .September, 
Some Aspects of Pacific Coast Interconnections. 

GID ONGIINO ee eta cen eee renee eee ee eon) eee ne eae May, 
Some Leavers or THE A. I. HE. HE. 

WalhaimeSlocumabarsto warren tie are cree June, 
iPrankaGe Bam alcscan 6 crc tis Ook etree July, 
CharlesischenekeBbrad|éyseaen ete oer anaes May, 
Wallrame beliovalirnnie ie a laren aan ie March, 
Winder Elwell Goldsborough................. April, 
William Joseph Hammer.................. February, 
leksiimy lal, lelvinayooissvenmws wecten Ae Hels oc September, 
Hired tStaniley elution mene October, 
Cary sit ERnichinsOnemart. chit eer rine August, 
\Valdbehan Se bibucswen een mata aha ono ane onc November, 
Edward Leamington Nichols............... January, 


Special Alloy Eliminates Erosion of Impulse Wheels. April, 
Speed-Time Curves, Selection of Motor Equipment by 
Principle of Similar. (Widell).. . December, 
Sphere-Gap and Point-Gap Arcover ‘Voltage. Carroll 
ANG COZZENS) toe oe Parte eee ee ee ee December, 


Spinning of Cotton Yarn, Variable Speed. (Untersee) 
: November, 
Squirrel-Cage Rotors with Split Resistance Rings. 
CWietchsel\ ee Bade ccr reco ee eer ee ee ree ugust, 
Stability of the Welding Are. (Alexander)...... February, 
Steam Data Developed by the Bureau of Standards. . . July, 
Street Railway Mercury Are Rectifiers, Effect of. oe 
July, 


Study of High-Voltage Flashovers, A. (Lusignan) December, 
Substations, Mercury Are Rectifier. (Wood)..... October, 
= Pagsine Outre aioe eee Oe re Oe are July, 
Superexcitation on Synchronous Condensers. (Jones). May, 


X OF PAPERS, DISCUSSIONS, REPORTS, ETC. 


803 
658 


784 
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345 
265 


Superimposed High-Frequency Currents for Circuit- 
Breaker Control. —(litdiwig) eer eeieen tenner Juue, 
Surge Impulse Breakdown of Air. (Torok)........ March, 
Voltage Investigation on the 132-Kv. Transmission 
Lines of the American Gas & Elec. Co. (Sporn) 


December, 

_. __ — — 220-Kv. System of the Pennsylvania Power & 
Light Company. (Smeloff)...... November, 

—-—_—-——-— Transmission Lines. (Lewis)... ...- November, 


— — Investigations on the 140-Kv. System of Consumers 
Power Company. (Hemstreet and Haton)..June, 


Switching of Incoming Lines, Automatic. (Anderson) 
une 
Synchronizing Equipment, Vacuum Tube. (Belt and 


Hoard) ot nek 68 oa re ne ee ee eee February, 


Synchronous Condensers, Superexcitation on. ee 
ay, 
—Machines—IV. (Doherty and Nickle)......... March, 
— —, The Calculation of the Armature Reactance of. 
(Alger) Ip eee cea eee ce era a 

——,— Reactance of. (Park and Robertson)....... 
— Motors for Driving Steel Rolling Mills. Berkskins 
and Wane) <4 .0 ocr aes ee terme February, 

T 


TrecHNICcAL CoMMITTER ANNUAL Reports—1927-1928. 


Applications to Iron and Steel, Committee on 

November, 
—  — Marine Work, Committee on............. July, 
— — Mining Work, Committee on............. July, 
Electric Transportation, Committeeon....... October, 
Electric Welding, Committee on............. October, 


Electrical Communication, Committee on. . September, 
Electrical Machinery, Committee on.......... October, 
pepe ee Go and Electrometallurgy, Committee 


ST Se Pea eee October, 
Biece online Committee on nee eee August, 
Instruments and Measurements, Committee on. 

August, 

Production and Application of Light, Committee on. 
September, 

Protective Devices, Committee on.......... November, 
Research, Committee onsen sci eter July, 
Transmission and Distribution, Committee on. 
September, 


Telegraphic Transmission Theory, Certain Topies in 
(Nyqilist)s spor ee ee eee eee March, 


Telephone Exchange Plants, The Planning of. (Stephen- 
SON) sn Geek erdee a ei Eee EE to oe eee July, 
— Lines, Carrier Systems on Long Distance. (Affel, 
Demarest, and Green) epee aie ee December, 

— Toll Plant in the Chicago Region. (Smith aud West) 
January, 

Telephony, Power-Line Carrier. (Fuller and Tolson) 
October, 

—, Problems in Power-Line Carrier. (Wolfe and Sarros) 
Uae 

—, Transatlantic. (Waterson)...............:... pril, 
—, Transatlantic,—The Technical Problem. Biase} 
May, 

Testing of Permissible Blasting Devices. . N mieten 


Thermal Method of Standardizing Dielectric Power Loss 


Measuring Equipment, A. (Scott, Bousman, and 
Benedict) .-.0 00d: cess. hs ances shee eee May, 
— Volume Meter. (Penney and Fechheimer)..... March, 
Thermionic Tubes, Gas-Filled. (Hull)......... November, 


Three-Phase Voltage System, Mathematical Solution of an 


Unbalanced) (Norman) as eee eee une, 
Track Circuit in a Polyphase System, Shunting of. (Est- 
WACK is, os 8 Fs is cid weagh le ceteee a ae July, 
Transatlantic Telephony. (Waterson).. .....Apral, 
— —, The Technical Problem. (Blackwell) . cise Oe May, 


Transformer Insulation, Relation between Transmission 
Line Insulation and. (Lewis) September, 
Transformers Installed in High-Voltage Oil Cireuit Breaker, 
Application of Wound Type Current. (Rea). . December, 
Transient Conditions on Application of D-C. Compound 
Motors. (Ludwig) April, 
— Disturbances, Quantitative Mechanical Analysis of 
Power System. (Bergvall and Robinson)..... June, 
Translucent Blackboards:s >a: see February, 
Transmission and Distribution, Report of Committee on. 
(Torchio):..% 45.3 ee ee a eee September, 
— Experience of the Public Service pepe) of Colorado. 
(Coover and Hardaway)........... . September, 


Journal A. I. E. KE. 
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812 
795 


441 
423 
113 


357 
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265 
345 


136 
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Transmission Line Conductors as Affected by Danger of 
Contact in the Span, Formula for Minimum Horizon- 
tal Spacing of (Thomas) 


eon itary deltas December, 
— — —, The Vibration of. 


Pe mpouween. (Lewis) :.- sega Aon. September, 
— lines, Lightning Experience on 132-Ky. (1926). 
(SECO OS ey gm og ORE an eee Tes February, 


— —, Surge Voltage Investigation on. (Lewis). November, 


— System Insulation Strength, Rationalization of. 
(Sporn) Sh al i Le nn ne ely fe at) Ot September, 
Transportation, Report of Committee on Electric. (Duer) 
October, 

Tuned Radio-Frequency Amplifiers. (Glasgow)..... May, 
Turbine Generators, Recent Improvementsin. (Mitchell) 
June, 

Twenty-Thousand Miles of New Highways Planned for 
OZ SAR dah s ANE VS. Cees at Reel R May, 356; June, 


Two Hundred and Twenty-Kv. Transmission Line for the 


Conowingo Development. (Chase)............ October, 

Two-Range Vacuum Tube Voltmeter, A. (Jansky and 

Io) Gansta. 5 Sc tar Mee be darken Ae nt February, 
U 

Use of Very High Voltage in Vacuum Tubes. (Coolidge) 

arch, 

Utilization of Lodgepole Pine Timber for Poles. 

(CLEATIOV Sts yi) Aen eet meee gn er gD ae a September, 
Vv 

Vacuum Tube Rectifier, The. (Kuhlmann and Barton) 

January, 

— — Synchronizing Equipment. (Belt and Hoard) 

February, 
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353 
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DISCUSSIONS, REPORTS, ETC. 
Vacuum Tubes, Use of Very High Voltage in. (Coney) 
arch, 
Variable Speed Spinning of Cotton Yarn. (Untersee) 
November, 
Vector Calculating Devices. (Weinbach)........... May, 
Vibration of Tranmisssion Line Conductors, The. 
(Varney islets eel ee eeaces tose ot ener May, 
Voltages and Currents in Power Systems, Residua 
(Corbett) iacacint oie Ore emery eeesnonea November, 
—, Eeonomy in the Choice of Line. (Loew)....... August, 
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TAL 
327 


415 
440 
752 
126 


212 
645 


i, 
113 


Voltmeter, A High-Speed Graphic. (Hamdi and Braley) 


July, 
—, — Two-Range Vacuum Tube. (Jansky and Feldman) 
February, 
W 
Weighing bys kadionm siren ee erties January, 


Welding and Manufacture of Large Electrical Apparatus. 


CWie00) nok ee a een ee eee ee Ma-ch, 
— Are, Stability of the. (Alexander)........... February, 
— Hlectrodes, Metallic Are. (Green).............. June, 
— of Pipe Lines, Electric. 


(Wirigh §)2 05+. aero June, 
—, Report of Committee on Electric. (Lincoln)...October, 
White Light vs. North Skylight for Color Discrimination. 


March, 
Will Study Transport Facilities of Mississippi..... January, 
— Take Distribution Census for 19380............ January, 
World’s Largest Electric Lamp................. December, 


Zine Plant of the Sullivan Mining Company, The Hlec- 
trolytics i(Mosdick)a. = err ee ee November, 
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561 
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INDEX OF INSTITUTE AND RELATED ACTIVITIES 


A 
A bridged e.Papers: i uno a rete eae June, 485; July, 
Acceptance Standards and Service Recommendations 
August, 
Dr. Acheson Creates New Fund.............. November, 
A. KE. S. C. Year Book Shows Strides in Standardization 


July, 
Alexanderson, I. F. W. Receives Ericeson Medal. . March, 


AMERICAN ENGINEERING COUNCIL 
Action of Administrative Board. ..June, 464; October, 
American Standard Association Established. December, 
Annual Meeting............January, 76; February, 
Disbursement of Federal Funds........... December, 
Special Work on Flood Control............. January, 


AMERICAN INSTITUTE OF ELEcTRICAL ENGINEERS 
Addresses Wanted.... February, 159; March, 234; 
April, 306; July 543; October, 768; November, 840; 
December, 
Branches, List of....January, 100; February, 171; 
March, 248; April, 322; May, 396; June, 484; July, 
555; August, 628; September, 694; October, 774; 
November, 850; December, 
Committeesss csr puss ee er ee eee September, 
Conference of Officers and Delegates......... August, 
Convention, Pacifie Coast.... April, 299; May, 377; 
June, 456; July, 5387; August, 611; October, 
— Summer....February, 155; March, 219; April, 
296; May, 375; June, 452; July, 537; August, 
— Winter (1928)....January, 65; February, 152; 
March, 221; April, 
ae In Gers Cl O29)) Ata eee ies Gr ena ees oes December, 


Directors’ Meeting....January, 74; March, 228; 
May, 378; June, 462; August, 616; September, 684; 
November, 

IDistrictienizoseA weld CC aan tei anise tiree June, 
Honorary Members........... July, 540; September, 
Institute Prizes Awarded..............-..-- August, 
Meeting SATIN allie crac eset cate cores seins ene July, 


— Atlanta Regional....April, 299; May, 377; June, 
456; July, 537; August, 612; September, 683; 
October, 761; December, 

— Baltimore Regional....March, 218; April, 296; 
May, 378; June, 

——OMiecarourvectOnallanncny eee een January, 
— New Haven Regional....March, 219; April, 296; 
May, 376; June, 

ING Way ORK SOCOM wily cle sucess ieee ane January, 
— Pittsburgh Section. ......................March, 
— St. Louis Regional. ...Janwary, 76; February, 154; 


March, 
— Southern Virginia Section.................March, 
— Southwestern District..................... April, 
— Special Institute....................... January, 
Meetings, Future Section... ./Janwary, 71; February, 


159; March, 234; April, 306; May, 382; June, 467; 
October, 765; November, 836; December, 

— Past Section....January, 79; February, 160; 
March, 234; April, 306; May, 382; June, 467; 
July, 548; August, 620; October, 765; November, 

840; December, 

— Regional, at Baltimore and New Haven. . February, 
Membership, Applications, Elections, Transfers, ete. 
January, 90; February, 166; March, 245; April, 319; 
May, 393; June, 478; July, 552; August, 626; 


September, 689; October, 772; November, 846; 
Amite December, 
NOMINATIONS eee ey oh ee eae January, 


Obituary... .January, 79; February, 158; March, 233; 
April, 305; May, 381; June, 466; July, 542; August, 
621; September, 685; October, 767; November, 839; 

December, 

Officers A. I. BE. E....-.. January, 98; February, 171; 
March, 247; April, 321; May, 395; June, 481; 
July, 554; August, 628; September, 691; October, 773; 

November, 849; December, 

Personal Mention....January, 78; February, 158; 
April, 305; May, 380; June, 465; July, 542; August, 
621; September, 685; October, 767; November, 838; 

December, 

Report of Tellers on Amendment to Constitution July, 

Section Activitizs: Joint Section and Branch 


MectineamOlkiagnomassne. ss ee ees July, 
— — New York Section to Hear Lecture on Waves 
RNG TY Stas maps ra troche eave November, 


926 


924 


941 


924 
538 


545 
836 


— — — — — Visit Edison Lighting Institute 
December, 

—-— Opportunities for the Younger Members _ in 
Section Meetings) same ea December, 


— — Recent Developments in Dial System Outlined 


toNew York Section. aeeen iene cue 
— — Section Organized at Dallas, Texas........ July, 
— — — — — Houston, Texas.......:....December, 


— — Sections, List of....January, 100; February, 
171; March, 248; April, 322; May, 395; 
June, 483; July, 555; August, 628; September, 
693; October, 774; November, 849; December, 


— — — — Affiliated Student Society..... November, 
December, 

— — Annual College Branch Night of Denver sense 
une, 

— — at the Atlanta Regional Meeting..... December, 


—  — Branch Meetings. .January, 82; February, 161; 
March, 236; April, 311; May, 383; June, 471; 
August, 621; October, 766; December, 


— — — Organized at South Carolina...... November, 
—— — University of Vermont..........June, 
—-— Branches Organized at Detroit and Lone 
uly, 

—-— Brown Engineering Society Affiliates with 
Tnstitutes.. os\..05 sh aaeke ee eee A pral, 

— -— Bucknell University and Pennsylvania State 
Branches...;=... 2 ie oe eee April, 

— — Student Activities (by Samuel Evans, Enrolled 
Stidént) toc. ee, aes ce eee December, 

— — Camp in Adirondacks Established by Clarkson 
Colleges Studentsi3.. =a ne eee April, 

—-— Conference and Convention in District No. 4 
May, 


— — — — — Held in Northeastern District. ..June, 
— — — on Student Activities in District No. 2. May, 


—— INCOM Oia sees ote eee April, 
— — — — NO.7.... eee eee April, 

Southern District........ March, 

— — Convention at Lafayette College........ April, 
— — — — Regional Meeting of Great Lakes District 
January, 

— — Highth Annual Banquet of University of Pitts- 
burg heBranc hte serait eee July, 

— — Electrical Reception at Montana State Cole 
April, 

— — Engineering Exposition to be held at Lewis 
Institutes... 2) 26g e eo aa eee ee May, 


— — Joint Meeting Held by Cleveland Section. . May, 
—-+——-— of San Francisco Section and Neighbor- 


INGE TAT Ch GS ew cuek wn  e June, 

—-—large A. I. E. E. Student Conference at 
Pittsburchveasce ae eee February, 

— — Lectures on Accident Prevention....... March, 
— — Meeting Held by Ithaca Section.........1 May, 
— — — — — Nebraska Section..............Jumne, 
— — — — — Vancouver Section............ March, 
— — New York Section Convention.......... April, 
— — Northeastern District Holds Student Conference 
April, 

———— Pacitic Coast Oonvention ata Ocheee 


—— Past Branch Meetings... .July, 546; November, 
— — Program at Los Angeles Section Meeting. A pril, 


—— — — Seattle Section Meetine® s-5 750. June, 

—— = Ufa SCetlOne\ een ca inn ean July, 
—-— Third Annual Student Convention of New 
YorksSeetlomcr cs .tese Smee are ere May, 

— — Twenty-fifth Anniversary Meeting of Phila- 

el Hlar.. ce. eee eee ee ee July, 

=) Vilvastudent branches sss anna April, 
Tour to Yellowstone) Parkes ene June, 
Year Book. sc ee ee ee April, 
American Museum of Safety Awards............... une, 
== Year Book. (het yc cops eee eee July 
— Welding Society Program, The................ October, 
Jee fobs INS in Na aT WIRE 6 5 yc eo nw oa eo November, 


A. S. T. M. Annual Meeting June, 


A.T. & T. and Western Electric Arrange for Talking 
Pictures 


Book Review. aM or Bal tie NS Rao Daa March, 233; July, 
British Institution of Hlectrical Engineers, Joint Session 
March, 


950 


542 
223 


Dec. 1928 


C 


Canada to Hold Steel and Power Show.............. June, 
Chicago Office of Employing Service to have New Quarters 

May, 
Civil Engineers Annual Meeting Bb OSE eae Jfi cane 


arch, 

Conference of Impregnated Paper Insulation..... November, 

Convention of the American Gas Association....... October, 

Cooper Union Offers Honor Courses. . ; April, 
D 


Current Industrial News Digest... January, 102; February, 
174; March, 250; April, 324; May, 398; June, 486; 
July, 558; August, 630; September, 696; October, 776; 

November, 852; December, 


Dunn, Gano, Elected Alumni Trustee of Columbia 
December, 

E 
HcRSOnE Mod aluA Ward tronce cee cere oak cee on January, 


— Receives Medal from Society of Arts and Sciences. June, 
ENGINEERING FouNDATION 


Appointment for. eee April, 
Endowment Committee Seeks Pidtdseee cose June, 
William J. Serrill to Head Industrial Standardization 

INI EVOSIEY SIT ey SESW eS I. SUT NE, Shee ee cee June, 
Typical Large Seale Investigation. . January, 
Hngineering Index Service...............5.250508- April, 
== LOR euitcl IREVE Nig hi elieee mento ere che pei UME Saenae May, 
— Societies HKmployment Service....January 89; 


February, 164; March, 243; April, 317; ‘May, 391; June, 
476; July, 551; August, 625; September, 688; October, CALE 
November, 843; December, 

ENGINEERING Societies LIBRARY 
Book Notices....January, 85; February, 163; March, 
240; April, 315; May, 388: June, 474; July, 548; 
August, 623; September, 687; October, 768; November, 
43; December, 


Engineers Present Holland Tube Sceroll........... January, 

— Public Works Bill Hearing Started............... May, 
F 

Fellowships and Scholarships in Electrical Engineering 

May, 

Fritz Medal to Mr. Hoover, John............... November, 

Fuel Meeting, Second National.................... June, 
I 


I. E. C. Advisory Committee Meets at the Hague..... July, 
Illuminating Engineering Society to Meet at Toronto. July, 


— Engineers and New York Section Joint Meeting... May, 
Increased Enrollment in Engineering School... .. December, 
Institute Members Honored by Syracuse Technology cone 
u 

— Tour to Yellowstone Park....March, 219; April, 208: 
May, 

Institution of Electrical Engineers Honors President 
(GerardiMepyy eer eee tc: Missa emre wee ee reiauas September, 
International Aviation Conference............. December, 
— Electrotechnical Commission................. October, 


— Illumination Congress... . March, 229; Hera 301; Bass ay, 


Italian National Research Council. . pril, 
K 

Kansas City Engineers Club Extends Welcome... February, 
L 

Lamme Foundation Award Hstablished........... June, 

== IMIG GEN. AMIS cp ceste Ane TuEees Ge Reece OR nen pete ca August, 

Lieb, J ohn W., Made Officer of the Legion of Honor 

December, 

Lincoln Are Welding Contest Prizes Awarded........ June, 


Louvain Memorial....January, 76; March, 229; April, 
304; May, 379; June, 464; August, 619; October, 765; 


N ovember, 

M 
McGraw-Hill Company Executives Confer with Tasiiute, 
Medal Presentations; (a) Edison Medal, (b) John Pritg 
IM, . oss Sela s ob chom-thomet OBoc10s >, obra oo Ic March, 
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78 
226 


INSTITUTE AND RELATED ACTIVITIES 


Meeting of the Military Engineers................ October, 

Members|GoingvA broadsenwen semen ie oeiae eae April, 

Metric Standards Urged at Pacific Conference..../January, 

Midwest Power Conference January, 77; February, 

Miontetiore Prizes Lhe sean ae eee ee May, 
N 

National Academy of Sciences Annual Meeting..... March, 


— Exposition of Power & Mechanical Engineering, 
uary, 78; October, 


— Fuels Meeting to be Held in Cleveland,........... July, 
New College otlingineerin gis \ernr mie eee ee May, 
—-— — — for University of Southern California...... July, 
— Course in Fuel Engineering, A..................- July, 
— Highway Engineering Bureau................ January, 
—TJnstitute of Chemistry, Thet:.->.0.0- ae 2. September, 
— Research Fund for High-Voltage Cable Insulation. July, 
— York Electrical Society Elects New Officers........ July, 
——-—-—, Methods of Refrigeration to be Demon- 
stratedibelorer. ancl meters December, 

——— — to Visit East River Generating Station.... May, 
Newton’s!Priticipiatvs,.. sane ae eee June, 

O 

Ohio State Mellowshipaense eee tee eee April, 
Opportunity to View Ordnance Tests............. August, 
Order Form for Reprints August, 629; November, 851; 
December, 


P 


Power and Mechanical Engineering, Seventh National Ex- 


POSTCLON OL. .n oe es eee cece a eee November, 
Prindle, E. J., Addresses Law Association............ May, 
Progress in Air IMailiS erviconan scan December, 
Proposed Letter Symbols for Electrical Quantities... March, 

R 
Radio Mneineers: nvatatlone ee ere eee nee May, 
Redetermination of Values of Electrical Units...... August, 
Reportot, BoulderDam) Billsiva-see ee eee May, 
Research Fellow Appointments at University of Wisconsin 
Apru, 
— Graduate Assistantships, University of Illinois... March, 
Review of Scientific Development of 1927........ January, 
Road Builders’ Association Holds Exposition Meet 
January, 
S 
Schuchardt, Ral President-Hlectii esi nee July, 


Society of American Military Engineers Extends Weleome 
June, 
Special Diesel Engine Course at Brooklyn Polytechnic 


Institute. ceacwae oe eels eee i eee er ee August, 
— Notice Regarding the Lamme Medal......... September, 
Standards, A. I. E. E., Revised Section No: 7..... February, 
—Revision of A.I.E.E. Transformer Standards 

September, 
— New Available........ May, 378; June, 456; December, 
Summer School for Engineering Teachers... . March, 222; 
June, 
Swain George F., of Harvard Receives Lamme Medal 
August, 
T 
Teaching Fellowships in Electrical Hngineering...... April, 
U 
United Engineering Society Annual Report........ March, 
— — — Another Bequest................2.2.0200% April, 
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NEW CATALOGUES AND OTHER PUBLICATIONS 


Mauled to interested readers by issuing companies 


Motors.—Bulletin 1118-E. Describes Allis-Chalmers poly- 
phase induction motors, types AR and ARY, with either sleeve or 
tapered roller bearings. Allis-Chalmers Manufacturing Com- 
pany, Milwaukee, Wis. 

Electric Railway Equipment.—Supplement No. 2 to 
Catalog No. 20, 62 pp. Describes O-B electric railway equip- 
ment and accessories. Ohio Brass Company, Mansfield, Ohio. 

Electric Equipment for Petroleum Industry.—Bulletin 
GHA-922, 76 pp. Describes G-E apparatus for the petroleum 
industry. Specific applications are illustrated. General Electric 
Company, Schenectady, N. Y. 

Motors.—Bulletin L-20386, 4 pp. Describes Type CS 
linestart, squirrel cage motors. Westinghouse Electric & Manu- 
turing Company, East Pittsburgh, Pa. 

Texrope Drives.—Bulletin 1228-H, 16 pp. Describes the 
Allis-Chalmers Texrope drive for transmitting power to industrial 
equipment with a reduction in speed from 1:1 up to 7:1 ratio. 
Numerous applications of the Texrope drive are illustrated. 
Allis-Chalmers Manufacturing Company, Milwaukee, Wis. 

Industrial Lighting.—Booklet 448-4, 24 pp. Lists many 
recent developments not mentioned in recent publications of the 
same character, a number of which have been developed for 
specific applications in various locations. Holophane Company, 
Ine., 342 Madison Avenue, New York. 

Linestarters.—Bulletin L-20394, 4 pp. Describes applica- 
tion and distinctive features of Westinghouse class 11-200 line- 
starters for squirrel cage and wound rotor induction motors. 
Westinghouse Electric & Manufacturing Company, East 
Pittsburgh, Pa. 

Heating Units.—Catalog 7418, 32 pp. Describes Sirocco 
Unit Heaters for floor and ceiling applications. The heater has 
been designed with the requirements of the industrial plant 
heating system chiefly in mind. American Blower Corporation, 
Detroit, Michigan. 

Collector Rail Supports.—Bulletin 31-GA (addenda to 
Bulletin 31-B). Describes a new line of 600-volt collector rail 
supports for cranes, ore bridges and industrial railroad service. 
It contains a table on ratio of steel rail to copper resistance. 
Delta-Star Electric Company, 2400 Block Fulton Street, 
Chicago, Ill. 

Polyphase Ammeter.—Supplement No. 1 to Bulletin No. 
450. Describes a new and novel instrument, the type HHA-3 
polyphase ammeter for three-phase alternating current circuits. 
With this instrument it is possible to take readings simultane- 


ously in each of the phases of a three-phase circuit. Roller- 
Smith Company, 12 Park Place, New York. 
Motors.—Bulletin, 4 pp. Describes type RS repulsion 


start induction single-phase motors of the brush lifting type, 
from 4 to 40 hp. Built for all standard speeds, voltages and 
sizes. Bulletin, 2 pp. Describes Century type SC squirrel-cage 
induction polyphase motors, from 4 to 200 hp. Century Electric 
Company, 1827 Pine Street, St. Louis, Mo. 

Circuit Breakers.—Bulletin 220, 8 pp. Describes the new 
U-Re-Lite all-steel distribution groups. The bulletin deals 
primarily with the group method of mounting U-Re-Lites on 
all-steel frames. Capacities range up to 1250 amperes in two-, 
three- and four-pole forms for a-c. circuits of 550 volts and less, 
and d-c. circuits of 25 volts and less. J-T-E Cireuit Breaker 
Company, 19th and Hamilton Sts., Philadelphia, Penn. 


NOTES OF THE INDUSTRY 


Electric Machinery Manufacturing Company, Minne- 
apolis, Minn., announces that A. B. King, formerly in charge 
of eastern sales with headquarters in New York, has resigned to 
become president of the A. C. Morse Company who are sales 
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representatives for the Electric Machinery Manufacturing 
company at New Haven, Conn. 

G-E Appoints D. C. Spooner, Jr.—David C. Spooner, Jr., 
for the past four months acting publicity manager of the Mer- 
chandise Department, General Electric Company, at Bridge- 


port, Conn., has been appointed manager of the publicity section. __ 


He was formerly assistant to the publicity manager, A. L. 


- Atkinson, who, in June, was made manager of Cleaner Sales. 


The Wagner Electric Corporation, St. Louis, announces 
the removal of its Los Angeles branch office and service station to 
1220 S. Hope Street. The change was made necessary by the 
rapid growth of business in southern California and Arizona. 

H. N. Felton, branch manager of the Milwaukee office since 
1927 has been made branch manager of the New Yorkoffice. F.T. 
Coup, in charge of the Cincinnati office since 1921 has been moved 
to the Milwaukee office as branch manager there. Paul Forsyth 
has been appointed branch manager of the Cincinnati office. 

Anaconda Copper Rebuilds Plant.—The Anaconda Copper 
Mining Company, through its subsidiary, the American Brass 
Company, of Waterbury, Conn., is rebuilding its electric cable 
plant at Hastings-on-Hudson, N. Y. This plant will be con- 
structed to produce the highest quality power cable of all types. 
The best insulating machinery and the most approved drying 
and impregnating apparatus are to be installed. A testing 
laboratory for the most advanced high-tension cable work 
and for the examination of insulating oils, paper and cable 
sheath is being provided. The Hastings plant, originally oper- 
ated under the name of the National Conduit & Cable Company, 
is one of the oldest makers of power cables in the industry. It is 
also one of the largest copper cable mills in the country. The 
products run annually around 100,000,000 pounds. This figure 
includes other materials, as well as copper in the cable output. 

Lincoln Meter Company, Inc., Appoints L. Dana 
Johnson.—Announcement has been made by the newly-formed 
Lincoln Meter Company, Inc., of Springfield, Ill., organized to 
market Lincoln maximum demand meters and other Lincoln 
products in the United States, that L. Dana Johnson has been 
appointed sales manager. Mr. Johnson was formerly connected 
with the Sangamo Electric Company in Springfield and later 
as manager of its interests in the far Kast. 

The Lincoln thermal maximum demand meter is named 
after its inventor, Paul M. Lincoln, president of the new 
company, who is widely known throughout the electrical 
industry and is at present Director of Electrical Engineering 
at Cornell University. Mr. Lincoln is a _ past-president 
of the A. I. E. E. Mr. R. C. Lamphier, vice-president 
of the new company, is also well known as president of the 
Sangamo Electric Company of Springfield. Although familiar 
to engineers in the United States, Lincoln meters have 
made their name in Canada. For nine years the sales curve has 
steadily pointed upward. On Canadian power and commercial 
loads, these meters are successfully helping to eliminate esti- 
mating in billing. 

Manufacturing facilities will be in shape for deliveries from 
Springfield about January 1. Special machinery similar to 
that in the Canadian factory is being installed. Meters available 
for distribution on the first of the new year include the single- 
phase two- and three-wire ampere-demand-type indicating 
amperes of demand, the polyphase type indicating watts or 
volt-amperes of demand, the graphic or recording types which 
chart a clear line, easily and accurately read. This graphic 
meter will be made in two types, either measuring amperes of 
demand, or watts or volt-amperes of demand. In addition, the 
Lincoln split-core transformer will be available—the device 
which when used with the single-phase demand ammeter enables 
the determination of loads on distributing transformers, lines and 
large machines with loads ranging from 35 to 1000 amperes. 
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On difficult starting jobs 


Two views of the Sun Oil Company’s 
three step, oil-immersed 2300 volt 
starter for a 500 HP, 3600 RPM, 
synchronous motor. 


like this, 


EC&M Motor Control excels 


Here is a 5-stage centrifugal pump that runs at 3600 RPM and delivers oil to the stills of 
the Marcus Hook Refinery of the Sun Oil Company at 1300 pounds pressure. The 500 HP, 
2300 volt synchronous motor that drives it is started automatically when a master switch is 
thrown, by EC&M oil-immersed, flame-proof starting equipment. 


The starting of such a machine is not easy, for the load on a centrifugal pump increases as 
the cube of the speed, thus making it difficult to get the motor up to a speed at which it will 
pull into synchronism. EC&M engineers solved the problem, however, by providing three-step 
acceleration whereby smooth acceleration to synchronism is assured, line surges are eliminated 
and the same standards of EC&M flame-proof equipment, safe for use in explosive atmospheres 
such as may exist in this plant, were maintained. 


The Electric Controller & Manufacturing Company specializes in the solution of difficult 
control problems. In many cases, production operations are made automatic, eliminating 
attendants, cutting down power consumption and peak demands and often avoiding the 
necessity for additional equipment. 


ECGM Engineering Service is at Your Disposal. 


THE ELECTRIC CONTROLLER & MFG. CO. 


NEW YORK-50 cHuRCH st. CLEVELAND,OHIO pr apecerta-wrrerspoon aioe. 
CHICAGO-CONWAY BLDG. HOUSTON - 006 WASHINGTON AVE. PITTSBURGH-OLIVER BLDG. 
DETROIT~-DIME BANK BLDG. LOS ANGELES- 912 E. THIRD ST. SAN FRANCISCO-CALL BUILDING 
BIRMINGHAM -BROWN-MARK BLOG. SALT LAKE CITY-228 SO.W. TEMPLE. MONTTREAL.- DRUNMOND BLDG 
CINCINNATI-IEAATIONL BANK ELIE. TTORONTO-REFORD BLDG TULSA-2/7E ARCHER SI 
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More than 50 Manufacturers 


of General Purpose Motors qm 
Use Ball Bearings 


ROCKER WHEELER is one of more than fifty elec- 
tric motor manufacturers who supply a series of 
general purpose electric motors with ball bearings as 

standard or optional equipment. 


Motor users can not afford to overlook the economies 
of ball bearing equipped electric motors. 

Write for “Booklet K” and “Cutting Your Cost,” two publications 
of our Engineering Department explaining fully what these advan- 


tages are and how greatly they reduce motor maintenance costs. 
These are sent without cost or obligation upon your request. 


THE NEW DEPARTURE MANUFACTURING CO. 


Bristol, Connecticut 
Chicago San Francisco Detroit 


Please mention the JOURNAL of the A. I. E. E. when’writing to advertisers. 
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CEL=“I-T-E 
TRUCK-TYPE 
AIR CIRCUIT BREAKERS 


Truck-Type air circuit breakers, 
remote controlled, for protection 
and operation of power plant auxiliary 


circuits, make their advent—sponsored 
by I-T-E. 


All the time-proven protective princi- 
ples of I-T-E circuit breakers now fur- 
nished in truck-type steel switchboards 
affording complete safety, compact- 


ness, ease of maintenance and attrac- — Truck unit removed from frame 


: —type LG, 2500 amperes at 
tive appearance. 550 volts, 3 phase, 60 cycles. 


I-T-E CIRCUIT BREAKER COMPANY—19th AND HAMILTON STREETS, PHILADELPHIA 


Birmingham, American-Traders Bank Building; Boston,201 Devonshire;Bu ffalo, Ellicott Sq. Bldg.; Chicago, 333 N. MichiganAve.; Cincinnati, Union 
Trust Bldg.; Cleveland, 1740 E. 12th; Dallas, 1410 Allen Bldg.; Denver, Tramway Bldg.; Detroit, Penobscot Bldg. ; Duluth, 611 Providence Bldg.; 
Kansas City, Midland Bldg.;Los Angeles, 106 W. 3rd; Minneapolis, Plymouth Bldg.; Montreal, P.2, 35 Notre Dame St.; New Orleans, Hibernia 
Bank Bldg.; New York, 12 E. 41st.; Omaha, Electric Bldg.; Philadelphia, 1505 Race; Pittsburgh, Park Bldg.; St. Louis, Bank of Commerce Bldg.; 
San Francisco, Russ Bldg.; Seattle, 2518 Western; Toronto, 24 Adelaide, E.; Vancouver, 500 Beatty Street; Tuisa, Oklahoma, Box 1141. 


I-I-E PROTECTION 


ORELITES ~~ f-T-E CIRCUIT BREAKERS 
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Dead or Alive—The Sratiscoprk tells the story! 


Safety | 
First T h e 
MINERALLAC 
STA TISCOPE 
High 
JER Voltage 
STATISCOPE 


is designed | Indicator 


to give positive 
indication of 
ALTERNATING CURRENT 
potentials of 

2300 volts and upward 


About as large as a fountain pen 


The advantage of being able to detect 
the condition of any electrical part at 
a safe distance need not be pointed out. 


Write for Bulletin No. 130 


MINERALLAC ELECTRIC COMPANY 


25 North Peoria Street, Chicago 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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When Aervice 
counts 


sirens an 


V1 641 RR | FHS 


LOCKE 10100 


A representative Locke 
Switch Type Insulator. 


SS 


There’s a reason why more Locke 
Pedestal Type Insulators are used, 
than any aihee make. That reason 
is performance. 

Whether in comparative tests in the 
laboratory, or actual service in the 
field, Locke Pedestal Type Insulators 
will demonstrate their superiority. 


Proper design, perfect materials, rigid specify 


standards of manufacturing control, 

exact assembly and continuous tests 

and inspections, guarantee you the LO¢ EB 

type of satisfactory performance you 

must have on your station equipment. 

When service counts, specify Locke. PO RCBEL AIN 
LOCKE INSULATOR CORPORATION IN Sl IL, ATORS 
BALTIMORE MARYLAND 3 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Detail of angle expansion joint. 


Anaconda 
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General view of the Essex 132 K. V. 
Outdoor Substation of Public Ser- 
vice Electric and Gas Company, de- 
signed and constructed by Public 
Service Production Company, 


Newark, N.J. 


high conductivity 


Bus Tubes 


UBULAR conductors are more efficient for 

large alternating currents than solid con 
ductors because of the tendency of the current to 
crowd itself away from the center of the con- 
ductor. This effect is especially noticeable above 
2,000 amperes at 60 cycles and for smaller currents 
at higher frequencies. 


The secondary leads consist of three 
3%" O. D., 23%4" I. D. Anaconda 
Copper Tubes per transformer bank, 
spaced on2'6" centers; length ofspace 
between insulator supports, 20 feet. 


The high 
conductivity and uni- 
form quality 


WY 


of Anaconda Metals are the re- 
sult of the coordinated control by 
a single organization which is re- 
sponsible for every step in their 
production from mine to finished 
product. 


The tubular shape is ideal for mechanical rigidity 
in all directions. Hard drawn copper tubes are 
more rigid and have higher tensile strength than 
soft drawn tubes, thus raising the yield point, 


Aer siiel Doers ai but up to the yield point, sag is independent of 


tained to assist electrical engineers 
in the adaptation of copper and 
copper alloys to specific require- 
ments. You are invited to make 


tensile strength. 


Anaconda high conductivity bus tubes have a 
minimum conductivity of 98% when hard drawn 


Los Wou Boron Quen Won nn nnn nen Gann nnn osu Gon Gn Gunn nnn nnn nnn Gunn Hunn Gunna, 


and 99% when annealed (hard drawn tubes are 
standard and will be supplied unless otherwise 
specified). 


‘ase of this service. 


Goes 


SX 


brbrr bab Wahi iWQ Wn GGG Gn, 


Bus tube connections are usually made with bolt- 
ed or soldered fittings, but some engineers prefer 
to flatten the ends and join with bolts. Anaconda 
high conductivity tubes will flatten cold without 
cracking if finished soft or with a light draft. 


WOES AAA 


THE AMERICAN BRASS COMPANY 
GENERAL OFFICES: WATERBURY, CONNECTICUT 


ANACONDA 


COPPER “2 BRASS 


ESP POPP PSP pPervyvrnwpwewnwwpwrye peggy gh gag SSN NS ae See ee 
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etal-Clad 


Safety for Operators 


All live parts are completely en- 
closed while the equipment is in opera- 
tion. Repairs can be made in safety 
while the breaker is disconnected. 


Simple to Install 


ill Ae Wa cae Nar fe @atig HE Each unit includes an oil circuit 
oh p, AWA Sette pee breaker, buses, instrument transform- 

| ers, disconnecting devices, and frame 
work completely assembled and wired 
ready to install. 


Compact Construction 


These units are so constructed 
as to require small floor space and still 
i AT provide liberal clearances and ready 
Hl NAN A Lal accessibility. 


hs 


IA 


Economy of Maintenance 


A spare circuit breaker can be 
substituted quickly and easily when 
inspection or adjustment is necessary 
—and with but short interruption of 
service. 


GENERAL 


GENERAL aE Cob Rue COMPANY, SGHENECTA DY 
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Switch¢ ear 


Safety for operators, simplicity of installation, compact construction and economical 
maintenance are among the advantages which characterize metal-clad switchgear. 


The design utilizes standard oil circuit breakers, supported in a frame of welded 
structural steel. This frame carries a cradle on which the breaker unit can be raised 
and lowered by means of an installing truck. The frame also carries the bus and 
instrument transformer compartments and the disconnecting devices. 


To put the equipment in operation, the breaker unit on the installing truck is slid 
into the frame and raised until full contact is made. To withdraw the unit, this 
operation is reversed. Interlocks are provided to prevent insertion or withdrawal 
when a breaker is closed. 


The main buses are covered with a molded insulation and enclosed in a metal bus 
compartment which may be filled with insulating fluid. 


As each part is segregated in a metal compartment, fire risks from internal or 
external sources are minimized. 


G-E switchgear specialists will explain to you the advantages of this equipment. 
Ask our nearest sales office for publication GEA-966. 


View on Assembly Floor Showing Units under Construction 


BLECTRIC 


SUATL E<S On Fer. nIeCeELs IENs Care Re CbeT FESS 
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PITTSBURGH. 


NEW YORK 


PHILADELPHIA 
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clependable 


At left: Bus support lines on 
Conowingo Station of the Phila- 
delphia Elec. Co. designed 
and constructed by DAY 
& ZIMMERMAN ENG. @& 
CONST. CO. of Philadelphia. 
Photo shows connectors made 
by the Burke Electric Co., and 
fitted with Monel Metal bolts. 


Types of Cable Connectors installed at 
Conowingo Station, Made by BURKE 
ELECTRICCO. of Erie, Pa., and fitted with 
Monel Metal bolts and nuts. Catalog de- 
scribing these connectors will be gladly 
sent on request. Address Burke Electric 
Co., Erie, Pa. Ask for Bulletin C. T. 4. 


—at CONOWINGO, 


Monel Metal bolts on bus support lines 


THE INTERNATIONAL NICKEL COMPANY (INC.) 
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


HE high tension equipment furnished by 

the Burke Electric Company is the prod- 
uct of years of experience in the design and 
manufacture of connectors for the electrical 
industry. 

Therefore, it is significant that the Burke 
connectors at Conowingo— 1928’s outstanding 
electrical achievement—are fitted with Monel 
Metal bolts. 

Monel Metal bolts, nuts, etc. are now supplied 
by leading manufacturers and specified by leading 
engineers to provide“strength under stress”. They 
will not rust. They are not subject to corrosion- 


cracking. They are uniformly strong and tough. 

When you plan installations that must stand 
up under stress and weather for years to come 
—when you plan installations that must provide 
uninterrupted, dependable service—take advan- 
tage of the availability of Monel Metal in all 
commercial forms—rod, sheets, wire, bolts, nuts, 
forgings, screws, castings, etc. 

You can’t go wrong in specifying Monel Metal 
—you are merely following the lead of manu- 
facturers and engineers who have spent years in 
a search for the most dependable materials for 
high tension service. 


SEND FOR “LIST B’” OF MONEL METAL & NICKEL LITERATURE 


Monel Metal is a technically controlled Nickel-Copper alloy of high Nickel content. It is mined, smelted, refined, rolled 
and marketed solely by The International Nickel Company. The name “‘Monel Metal’’ is a registered trade mark. 


67 WALL STREET, NEW YORK,N. Y, 
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Westinghouse | | 
Feeder-Voltage| 
Regulators | 


STAND UP 


These two 48 kv-a. Outdoor Type Regulators pro- 
vide constant voltage on two single-phase feeders of 
the Gulf State Utilities Company, Beaumont, Tex. 


Economy with 
Westinghouse 
Regulators 


NDUCTION Voltage Regulators usually will 

justify the cost of their installation on any feeder 
having a voltage variation of more than 3 per cent 
from its proper value. 


However, to get the utmost return from such invest- 
ment the regulators should— 


Correct voltage changes promptly. 
Hold the voltage within narrow limits. 
Remain in adjustment. 

Require minimum attention. 

Have low maintenance cost. 
Withstand feeder disturbances. 

Be economical of power. 


The fact that Westinghouse Induction Feeder Volt- 
age Regulators meet all these requirements explains 
why so many engineers specify them. 


Westinghouse Electric & Manufacturing Company 
East Pittsburgh Pennsylvania 


Sales Offices in All Principal Cities of 
the United States and Foreign Countries 


Westingho 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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All .Purpose Anchor 


Lonc experience has proved that 
the Matthews Scrulix Anchor is the 
ideal all-purpose anchor. It is 
easy to install and has great hold- 
ing qualities. Under strain the lines 


of force radiate from the helix at 
45-degree angles so that tons of sur- 
rounding earth help hold the anchor. 
It reaches your men all assembled, 
ready to install. No moving parts 
that might be buried unadjusted. 
Made in seven sizes to meet every an- 


choring need. Send for Bulletin 802. 
W. N. MATTHEWS CORPORATION 


Engineers and Manufacturers 


3706 Forest Park Blvd.- St. Louis, U.S. A. 
Offices in All Principal Cities 


MATTHEWS 


SCRULIX ANCHORS 


Look for ‘‘SSCRULIX” on the Helix 


Your Electrical Wholesaler Can Supply You 


160 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Wagner transformer tanks are made of 
unbreakable rust-resisting steel plate, 
electrically welded into one integral unit 


... will not break in shipment. Note heavy 
welded seam . . . just one of many con- 
‘aang? Struction details indicating the thorough- 
ay ness of Wagner exacting workmanship. 


Write for complete details of Wagner Distri- 
bution, Power and Subway type Transformers. 


Literature on Request 


WAGNER ELECTRIC CORPORATION 
6400 Plymouth Avenue, St. Louis, U. S. A. 


Wagner Sales Offices & Service Stations in 25 Principal Cities 


Products: FANS .... Desk, Wall and Ceiling 
TRANSFORMERS... Power, Distribution and Instrument 
MOTORS ... Single-phase, Polyphase and Direct Current 


61-673 1-2 
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Type F-120 


Decathlon champions and_ the field as the result of many 
Condit Type F-120 Oil Circuit years’ experience in design 
breakers—both must possess and building of heavy duty 
not only strength but speed, oil circuit breakers. 

stamina, and agility, and all 
of these in superior measure. 


€ : ; 40? 
Condit’s new Type F-120 leads Get in touch with Condit 


CONDIT ELECTRICAL MFG. CORPORATION 
Manufacturers of Electrical Protective Devices 
BOSTON, MASS. 

Notthern Electric Company 
Distributor for the De Daminion of Canada 


For full information, 


Specifications: Ampere capacity 3,000 or less; voltage 15,000 or 25,000; interrupting capacity, 1,000,000 kv-a or less. 


-— _——~* EG ——a— — 


| 
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Here, 


Gentlemen of the Committee, 
is the answer 
of one industry 


No.9 of a series inspired by the report of the Secretary 
of Commerce’s Committee on Elimination of Waste 


TO THE COMMIT Drie Orly 


and 
TO-THE:. GOMMITEEE OF 1135000-000 


NY report to the Committee on the Elimination 
of Waste in Industry is ultimately a report to the 
‘‘Committee’’ of the whole United States. 

If Western Electric, as makers of the nation’s tele- 
phones, can effecta saving of a bit of raw material here, 
or of a fraction of a second of time there, or of an 
ounce of scrap metal elsewhere—that saving touches 
every community the country over. 

Herein is Western Electric’s most important report 
—the essence of its share in a great public service. 


Western Electric 


Purchasers...Manufacturers... Distributors 


SINCE 
1882 


FOR THE 
BELL SYSTEM 


Journal A. I. E. E. 
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ELDING in the automo bile field 

is an acknowledged suc “ cess. Lead- 
ing manufacturers attribute at least two major 
improvements directly to its introduction in their 
field: ‘ 
1. Increased production (with increased 


profits ) 


2. Stronger, more rigid chassis, frames 


and bodies. 


The welding equipment for this purpose must be 
chosen with care. Of special importance is the 
transformer used, for upon its efficient perform- 


ance depends the strength of the weld. 


ADVERTISING SECTION 


{ ONE OF A SERIES SHOWING AMERICAN TRANSFORMERS IN MANY DIVERSIFIED INDUSTRIES } 


WELDING - 


s 
/ 


X 


x 
sk 


Three factors should be given first consideration 
when choosing the transformer: 


1. Efficiency— (wide range of voltage 
with a dependable control board ) 

2. Reliability—(24 hour service, with- 
out interruption, if necessary) 

3. Economy — (long life with a mini- 
mum of repairs) 


American Transformers are built to meet the indi- 
vidual requirements of welding machines for spot, 
seam, arc, flash and other welding methods. Bulle- 
tin 1040-J gives complete description of type CF 
which is used mainly for spot welding. 


There.is an American Transformer for every industrial service. Let 
our engineers advise you on your problem—no obligation, of course. 


American Transformer 


TYPE CF for welding machines 


SSS re 


Chicago, IIl. 
| Bg 


Cleveland, Ohio 
Cincinnati, Ohio 
Pittsburgh, Pa. 


Knoxville, Tenn. 


AMERICAN TRANSFORMER COMPANY 


176 EMMET STREET 


NEWARK, N. J. 


Representatives 
Philadelphia, Pa. 
L. D. Joralemon 
112 South 16th Street 
Montreal, Canada 
W.O. Taylor & Co., Ltd. 
415 Canada Cement B’ldg. 
Minneapolis, Minn. 
Elliott Equipment Co. 
708-6th Avenue, South 
San Francisco, Calif. 
James H. Southard 
682 Mission Street 
St. Louis, Mo. 
J. W. Jones 
432 Pennant Building 


. Herrmann 
4433 North Richmond Street 


Ravenswood Station 


H. C. Boulton 
1988 East 66th Street 


Congleton Engineering Co. 
914 Main Street 


err-Harris Company 
g10 Fulton Building 


Arthur L. Pollard 
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STEADY increase in repeat business can 

mean just one thing—satisfactory per- 
formance of the product in the _ buyer’s 
service. 


The power companies that have Kuhlman 
Transformers in service are coming to 
Kuhlman again-and-again for their trans- 
former requirements. They have first-hand 
data regarding the unfailing reliability and 
operating economy of Kuhlman Power, Dis- 
tribution, and Street Lighting Transformers. 


Even more gratifying than the steady growth 
in the demand for Kuhlman Transformers 
is the increasing percentage of “repeat” 
orders—orders from power companies, in- 
dustrials, railways, electrical contractors, etc. 
who have previously used Kuhlman Trans- 
formers. 


TRANSFORMERS 


Akron. ==: High and Barges Sts. Demnver....-...........---.------ 1535 Broadway 
Atlanta -.....----------------- 411 Glenn Bldg. Detroit... 10-230 Gen. Motors Bldg. 
arent Md. 421 neat wich a Indianapolis -.202 Indiana Ter. Whse. 
Bahils "280 Carolina St, Lincoln, Neb........--.------« 1425-35 M St. 
Chicago. 844 Rush St, Los Angeles...................... 912E, 3rd St. 
Cleveland........ 627 Union Trust Bldg. Milwaukee .... --1031 Clybourn St. 
Dallas... 1408 Allen Bldg. Minneapolis.............. 1727 Lagoon Ave. 


KUHLMAN ELECTRIC 


CO., Bay City, Michigan 


Montreal....415 Canada Cement Bldg. Saint Paun....................... 1479 Blair St. 
New Orleans.................- 1230 Hibernia San Francisco........................ all B 
Bank Bldg. Seattle.............-........... 514 Lloyd Bldg. 
New York.................------- Graybar Bldg. .---Polk and Morgan Sts. 
@maha=e ee 6315 N. 33rd St. 319 Spitzer Bldg. 


Philadelphia, Pa.......1015 Chestnut St. Washington...... 1328 New York Ave. 
Pittsburgh ....... .---839 Oliver Bldg. N. W. 
Rochester, N. Y 601 Temple Bldg. York, Pa. ..-.......... 25 N. Duke St. 
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PDACIFIC FSLECTRIC 
ROVEN EYVOUIPMENT 


HIGH VOLTAGE SECTION—PACIFIC ELECTRIC TESTING LABORATORIES 


ALL HIGH VOLTAGE SWITCHING EQUIPMENT DESIGNED 
AND MANUFACTURED .BY | THE, PACIFIC BREEGIRICG 
MANUFACTURING CORPORATION HAS TO MEET RIGID 
LABORATORY TESTS IN ORDER TO GIVE THE TRADE 


PROVEN EQUIPMENT 


Pacific Electric Manufacturing Corp. 


lA 5815 THIRD STREET, SAN FRANCISCO, CALIF. A 


y, 
Representatives in Principal Cities OA 
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Three—1667 Kva., 60 cycle, single-phase, self-cooled, 


outdoor type Transformers. 


66,000-Volts—High Voltage. 
33,000-Volts—Low Voltage. 
Installed on the lines of the 


Kansas Electric Power Co., Lawrence, Kansas 


fiLLIS-CHALMERS tAUFACTURING EE 
Pittsburgh Transformer Works 


North Side, Pittsburgh, Pennsylvania 
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LOS ANGELES SAN FRANCISCO SEATTLE 
‘229 BOYD STREET $63 HOWARD STREET 552 FIRST AVENUE SOUTH 


H. B. SQUIRES CO. 


GENERAL OFFICES AND WAREHOUSE 
GARFIELD 6356 Qn 
SAN FRANCISCO, CALIF V 


May 4, 1928. 
Dossert & Company, 
242 West 41st St. Conn t 


New York, N.¥. 


Gentiemen: Attn. Mr.H.B.Logan, Pres. 
We are ‘pleased to enclose herewith copy 3 
e sub-station on in this little 


of a photograph: of a very nice 1ittl 
substation 
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cthe lines of the Coast Counties Gas & Electric Compeny, 


at Morgan Hill. California. 


This is a very small station, 
Dossert Cable Taps 


put has approx- 


hundred and twenty-five 
ranch Feeders, etc. 
\ 


{mately one 


HACHEM HQ PELU LAUD POOPED UU 


and Connectors on the Buss B 
I think this shows how economically Buss 


n be taken off py the use of Dossert 


Branch Feeders ¢& 


The letter 
tells the story 


Connectors. 


LALLA LALLA 


President. 


sail Sol nee 
iypes, ‘sizes and DOSSERT & COMPANY 


ae ee HB 
MMM sert Year Book . b. Logan . 
Senn 41st St.. New York 
BO RIAL of the A, I. E. E.when writing to mCi 
ers. 
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ELECTRIC MOTOR “MAINTE- 
NANCE” PROBLEMS ARE 
SOLVED WHEN YOU USE 
THIS MOUNTING WITH SRB 
LUBRI-SEAL BALL BEARINGS 


N 
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Dirt will not enter—lubricant will not leak out. 
Uniform air gap will be maintained because 
ball bearings properly protected will not show 
measurable wear after years of constant service. 


STAN DARD “S°E EEL -AsNeD BeECALRALEN« Ges INCORP ORA BED 


Plainville Connecticut 


Ball. 
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WITH GREATER EFFICIENCY 


Today electric motors and electrical equipment of all kind 
must stand a pace that would have astonished the most 
progressive a few years ago. 


It naturally follows that, if electrical machinery is to operate 
economically or hold up, under modern production require- 
ments and schedules—the highest grade most dependable 
and efficient materials must be used in its construction. 
Since insulation is the prime factor in electrical equipment 
—the superior dielectric efficiency, chemical properties and 
mechanical strength of MICABOND have made it the 
Standard Mica Insulation of hundreds of the country’s 
most progressive manufacturers. 


29 years of constant research and development insures 
MICABOND quality and efficiency. 


MICABOND is furnished in the form of 
Plate, Commutator segments, Tubes, Tape, 
“V’’ rings, Discs, Washers, etc., or in special 
punched or moulded parts to specifications. 


Send your blueprints for quotations. 


CHICAGO MICA COMPANY 


432 Campbell Street Valparaiso, Indiana 


THE STANDARD MICA INSULATION | 
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HERE capacity for service 

is the measure of value, 

prices are to be considered only 

— in so far as they are indicative 
-) {| *OOof performance possibilities. 
a Motors equipped with 
“Norma” Precision Ball Bear- 

ings, or with “Hoffmann” Pre- 

cision Roller Bearings, may cost 

a little more. But their longer 

life and improved performance 

return extra earnings which far 


outweigh any price difference. 
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~ Moulded and stamped with micrometer 
accuracy in any size and shape 


ICANITE, the original pasted mica 

insulation, is being made in thou- 
sands of sizes and shapes, to suit as many 
varying needs of the electrical industry. 
For motors, generators, control apparatus, 
instruments, electrical heaters, radio, etc. 
Micanite offers outstanding electrical, 
physical and chemical characteristics. 


Micanite possesses high dielectricstrength 
and is readily moulded or stamped to any 
desired form. An accuracy of 1/1000 of an 
inch for all dimensions is readily obtained 
in this age-resisting electrical insulation. 


From mine to finishing product—includ- 
ing the making of moulds and designing 
of dies—every step is controlled by our 
experts who place the experience of more 
than 35 years at your service. 


Samples of Micanite in many varied shapes 
are freely offered for your inspection. 
A letter will receive our immediate attention. 


MICA INSULATOR COMPANY 


New York: 200 Varick St. Chicago: 542 So. Dearborn St. 
Cleveland Pittsburgh Cincinnati San Francisco 
Los Angeles Seattle Montreal Toronto, Can. 


Works: Schenectady, N. Y. London, England 
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Timken’s Job 
Among The Grants 


Mill motors are not made for an easy life. But they can 
be made to have a longer life and a more profitable one. 


ESE 


The surest means is found in Timken-equipped mill 
motors. Wear is held in check, which means that shorts 
and burn-outs from this cause are entirely eliminated. 
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The air-gap is preserved and greater load-carrying area, 
as well as full radial-thrust capacity are provided. Wind- 
ings are kept safe from lubricant by compact, oil-tight 
mountings which require renewal of lubricant only at 
infrequent intervals. 
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Through Timken tapered construction, Timken POS/- 
TIVELY ALIGNED ROLLS and Timkenelectricsteel this 
most economical service is extended for a longer lifetime. 


THE TIMKEN ROLLER BEARING COMPANY, CANTON, OHIO 
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114 Horse Power Century Type SC Vertical 
Squirrel Cage Induction 3 and 2 Phase Motor 


Vertical Motors 


Century Type SC Vertical Squirrel Cage Induction 
3 and 2 Phase Motors are built for either ring or 
tripod mounting. The mountings are interchangeable 
on the motor...The ring-mounted motor is especially 
desirable where compactness is necessary....Ihe 
tripod-mounted motor permits accessibility to the 
shaft, packing glands, etc., of the driven apparatus. 


These motors are regularly equipped with ball bear- 
ings and oil lubrication....Their desirable operating 
characteristics and physical adaptability make them 
especially suitable for agitators, extractors, sump 
pumps and similar apparatus. 


ake ermaunes of d i ¥ 

entury Type ; ‘ 4 ‘ 4 
Es, Built in standard sizes from 1% to 200 horse power. 
Cage Induction 3 

and 2 Phase Motors 

are practicallyinde- 

structible, - 


CENTURY ELECTRIC COMPANY 
1806 Pine St. St. Louis, Mo. 


35 Stock Points in the United States and More Than 50 Outside Thereof 


MOTORS 
“THEY KEEP A-RUNNING’”? 
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Where working together is everything 


An Advertisement of the 
American Telephone and Telegraph Company 


Ir 1s the aim of the Bell System 
that anyone anywhere in the coun- 
try can pick up a telephone and 
talk to anyone anywhere else clearly and 
without delay. That is the meaning of 
universal service. To provide it, the means 
of telephoning must be uniformly good. 
Each of the 24 operating companies of 
the Bell System has full access to all the 
improvements and methods that are con- 
tinually being made. 


There are 5000 workers on the staffs of 
the American Telephone and Telegraph 
Company and the Bell Laboratories whose 
sole occupation is to develop constantly 
improving methods and equipment for the 
350,000 employees of the Bell System to 


use in serving the public. The re- 
sults of the efforts are evident, not 
only in the extension of telephone 
service across the Atlantic, but in the con- 
stantly improving local and long distance 
service at home. 

The very nature of the telephone busi- 
ness necessitates a single interconnected 
system. The American Telephone and Tele- 
graph Company accepts its responsibility 
for a nation-wide telephone service as a 
public trust. 

It is fundamental in the policy of the 
Company that all earnings after regular 
dividends anda surplus for financial security 
be used to give more and better service to 
the public. 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


Journal A. I. BE. E. 


——— 


Dee. 1928 ADVERTISING SECTION 29 


Rising to the needs of a 
Great Industry 


The requirements of the electrical indus- 
try are more and more exacting. 


As electrical products improve, coils must 
be more accurate to keep pace with the 
fine calibrations of the electrical engineer. 


This is why the world’s most successful 
radio manufacturers in the electrical, ig- 
nition and radio fields turn to Dudlo for 
coils. 


Dudlo coils are not only wound accurate- 
ly, but every part and material from the 
core to the outside wrapping is selected 
and applied with skill; a skill which could 
only come from an organization trained 
over many years of making millions upon 
millions of coils for every electrical need. 


No electrical unit is better than its coil, 

oh and no coil is any better than the wire in 

e its windings. Dudlo draws and insulates 

f; e és J A \ /, e /, / fi d the wire and controls every part and pro- 
e cess from the copper rod to the finished 


coil. A complete service to the electrical 
industries. 


DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA 


sce Brannan St. 4143 Bingham Ave 
105 W. Adams St. Division of pha cha oe 
Newk, NJ. Chicago. Ill THE GENERAL CABLE CORPORATION San Francises, Cal octane 
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An Investment 
that pays 


DIVIDENDS 


Radio Broadcasting is of inter- 
est to all. These instruments 
provide efficient testing service 
for every Radio Set Owner 


An indicating instrument is an essential part of the 
equipment of every good radio receiver installation, 
since it aids in maintaining efficient operation, secures 
the best reception and fully protects the financial 
investment. 


To advanced radio enthusiasts and those having pro- 
fessional connections with the industry, the selection 
of instruments is highly important. Unfailing re- 
liability is the first consideration since accuracy of 
measurement is a fundamental requisite of success 
in both research work and commercial activities, and 
pays the biggest dividends on the investment— 
whether of time or money. 


Illustrated herewith are the Weston Portable A. C. and 
D.C. instruments which are extremely popular for general 
radio service and make ideal personal instruments. 


Three- Range 
Instruments 
for A.C. and D. C. 
Operated Sets 


The fine workmanship, excellent 
characteristics and dependable 
performance of these models— 
No. 528 A. C. and No. 489 D. C.—merit an unques- 
tioned preference over all other makes. Moderate in 
price, too. Enclosed in beautifully finished bakelite 
cases—black for D. C. and mottled red and black for 
A.C. instruments. 750/250/10 volts (1000 ohms per 


volt resistance) for D.C. service, and 150/8/4 volts 
for A. C. testing. 


Single and 
Double- Range 


These same models, identical 
in size and appearance and en- 
closed in the same _ bakelite 
cases, are also furnished as D.C. 
double-range Voltmeters— (with 
either 1000 ohms per volt or 
125 ohms per volt resistance) 
and as single and double-range 
Ammeters. For A.C. testing 
they are supplied as single-range Ammeters and Milli- 
ammeters and double-range Voltmeters. 


All instruments of the Weston Radio Line 
are completely described in Circular J— 
just off the press. Write for your copy. 


WESTON ELECTRICAL INSTRUMENT 
CORPORATION 
584 Frelinghuysen Ave. Newark, N. J. 


\. WESTON 


RADIO 
INSTRUMENTS |: 
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Balkite is the 
Simplest Charger 


A battery charger installed for industrial use must 
not only have a charging rate sufficient to meet the re- 
quirements of the installation, but it must be simple 
in both principle and operation, so as to be easily un- 
derstood by all attendants. 


In the Balkite Charger—the simplest of all battery 
chargers, the operation is evident at a glance. The 
mere fact that gas is rising from the electrodes indicates 
that the rectifier is operating satisfactorily. 


The Balkite Charger is so simple in construction 
that anyone can replace broken or damaged parts 
quickly, and without special tools, It is not necessary 
to change the whole unit in order to make repairs. 


Being so simple in operation and _ free from trouble, 
Balkite greatly reduces maintenance cost and insures 
continuous power for industrial use. 

The fact that Balkite is not only the simplest, but 
is also the most dependable of all battery chargers, is 
reason enough why Balkite is now the standard 
charger for practically every industrial use. 

Our engineers will suggest equipment and provide 
actual costs and savings figures on request. 


Journal A. I. E. EH. 


FANSTEEL PRODUCTS COMPANY, Inc., North Chicago, Iil. 


AS 


Name. 


| FAN STEEL 


Batter 
Balkite Cheruee 


LE EE, 


FANSTEEL PRODUCTS COMPANY, Inc., North Chicago, Illinois 


Gentlemen: Please send me your bulletin TC-8 with complete in- 


formation on Balkite Chargers. 


Company. 
Address 
ee Ost 


A.1.E.E.—12-28 
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DERBY 
AUTOMATIC FIRE 
ALARM SYSTEM 


pe 


For 


Compact Assemblies 


Jewell Rectangular Instruments are strongly 
recommended for use where mounting space is 
at a premium and where long scales and good 
visibility must be had. 


These instruments are only 534 inches wide 
which allows four of them to be mounted side 
by side on a 24-inch panel or five on a 30-inch 
panel. Although the instruments are only 534 
inches wide, still the scales are 51% inches long— 
the same length as those in our 7-inch round 
switchboard instruments. 


Cases of Jewell Rectangulars are of cast iron, 
dust proof, highly finished in black enamel and 
serve as excellent magnetic shields. 


COP REEN 
AsmOMANtC RE) 
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Material and workmanship of Jewell Rec- 
tangulars meet in every way the high degree of 
quality maintained in all Jewell instruments. 
Movements are highly developed and have 
demonstrated their reliability through years of 
satisfactory use. 


Derby Supervisory Panel—Holland Vehicular Tunnel 


Derby Supervisory Apparatus was specified 
for the Holland Vehicular Tunnel, where the 
mechanical equipment is the best obtainable. 
This panel was built to supervise the System of 
Derby Fire Sentinels installed in the sump 
motor rooms. . 

Derby Systems are approved and recom- 
mended by all recognized authorities and 
specified by architects and engineers. The 
Derby Apparatus is rugged and reliable. Our 
patented circuit provides constant electrical 
supervision of the system. 


Jewell Rectangulars are available as a com- 
plete line. Descriptions and prices are given in 
the Jewell general catalog No. 16. Write for a 


copy. 


6628 Years Making Good Instruments’’ Write for general information and catalog 


AMERICAN 
FIRE PREVENTION BUREAU, INC, 
One Madison Avenue, New York, N. Y. 
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


Jewell Electrical Instrument Co. 
1650 Walnut St., Chicago 
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Principal A. I. E. E. Publications 


JOURNAL. Published monthly. 


An engineering periodical containing in full or in abstract engineering and theoretical papers as 
presented before meetings of the Institute and its Sections and Branches; descriptions of new develop- 
ments characterized by notable advances, and items relating to the activities of the Institute and other 
organizations. : 

Subscription price $10.00 per year. Agents, publishers and dealers are allowed 20 per cent dis- 
count; a special discount of 50 per cent is allowed on single subscriptions received directly from college 
or public libraries. Postage to Canada on annual subscription $0.50 additional, and to foreign coun- 
tries, $1.00. (Postage should not be included when computing discounts). 


JOURNAL BINDERS. A loose leaf binder, especially designed for the Journat of the A. I. E.E. 
is now available. The new binder is attractively finished in a long-wearing, processed material, 
resembling brown leather. From one to six copies of the JouRNAL can be inserted. The name of 
the publication is embossed.in gold on the front cover and backbone. ‘The binders are sold in sets 
of two at $2.25 or $1.25 for one. 


TRANSACTIONS. Published quarterly. 


Contains such of the technical papers and reports published by the Institute in the JOURNAL 
and elsewhere as are selected and authorized by the Publication Committee; also the discussions on 
the technical papers. The Transactions form a permanent record of the progress of electrical 
engineering. 

The subscription price to A. I. E. E. members is $2.00 per year for pamphlet binding and $4.00 
for cloth binding. To non-members the cost is $10.00 per year for pamphlet binding, and $12.00 for 
cloth binding. : 

Available volumes of the Transactions published prior to 1921 may be obtained at reduced 
prices. The volumes in stock and prices will be supplied upon request. 

Discounts allowed on the current volume are as follows: 20 per cent to publishers and subscrip- 
tion agents 50 per cent to college and public libraries upon direct subscription to Institute headquarters. 


INDEX TO TRANSACTIONS. Published every ten years. Vol. III of the Transacrions 
Index (Jan. 1, 1911 to Jan 1, 1922) is a practical bibliography (168 pp.) of all A. I. E. E. papers and 
discussions printed during the period 1911-1922. Price to members and non-members $2.00, with 
dealers’ discount of 20 per cent. 


A. I. E. E. STANDARDS. 


The work of revision of the A. I. E. E. Standards which has been in progress for several years has 
now reached a stage where a large number of sections of the Standards have been approved by the 
Board of Directors and are available in pamphlet form, as follows: 

1—General Principles Upon Which Temperature Limits are Based in the Rating of Electrical 
Machinery, ($.20); 4—Measurement of Test Voltages in Dielectric Tests, (.40); 5—Direct-Current 
Generators and Motors and Direct-Current Commutator Machines in General, (.40); 7—Alter- 
nators, Synchronous Motors and Synchronous Machines in General, (.40); *8—Synchronous 
Converters, (.40); 9--Induction Motors and Induction Machines in General, (.40); 10—Direct- 
Current and Alternating-Current Fractional Horse Power Motors, (.30); *11—Railway Motors, (.30); 
13—Transformers, Induction Regulators and Reactors, (.40); *14—Instrument Transformers, (.30); 
*15—Industrial Control Apparatus, (.40); *16—Railway Control and Mine Locomotive Control 
Apparatus, (.40) ; *17f—Mathematical Symbols, (.30); 17g1—Letter Symbols for Electrical Quantities, 
(.20); 19—Oil Circuit Breakers, (.30); 22—Disconnecting and Horn Gap Switches, (.30); 26—Auto- 
matic Stations, (.30); 30—Wires and Cables, (.40); 33—Electrical Measuring Instruments, (.30); 
34—Telegraphy and Telephony, (.30); *86—Storage Batteries, (.20); *37—Illumination, (.30); 
38—Electric Are Welding Apparatus, (.40); 39—Hlectric Resistance Welding Apparatus, (.30); 
41—Insulators, (.30); *42—Symbols for Electrical Equipment of Buildings, (.20); 45—Recommended 
Practise for Electrical Installations on Shipboard, (1.50); *46—Hard Drawn Aluminum Conductors, 
(.20); *60—Specifications for Tinned Soft or Annealed Copper Wire; *61—Specifications for Soft 
or Annealed Copper Wire, (No. 60 and 61 published as one pamphlet), (.30); *63—Specifications for 
30 Per Cent Rubber Insulation for Wire and Cable for General Purposes, (.30); *69—Specifications for 
Cotton Covered Round Copper Magnet Wire; *70—Specifications for Silk Covered Round Copper 
Magnet Wire; *71—Specifications for Enameled Round Copper Magnet Wire, (No. 69, 70 and 71 
published as one pamphlet), (.30). *Approved as American Standard. 

A discount of 50% is allowed to Institute members. Numbers of the Standards Sections should 
be given when ordering. 

STANDARDS BINDERS. The various sections of the Standards can be kept in bound form 
with the practical binder which has been designed for this purpose. Capacity of the binder is from 
10 to 30 sections or pamphlets. Finished in brown fabrikoid with imprint on stiff back. Price $1.75. 


YEAR BOOK OF THE A. I. E. E. 


A directory, published annually in March, of the membership of the A. I. E. E. Gives in alpha- 
betical order, the names, occupations and addresses of all members. The membership is also listed 
in geographical order. The Year Book contains general information regarding the scope and 
activities of the Institute, including the Constitution and By-Laws, lists of Sections and Branches, 
the various committees, governing body, ete. Single copies will be supplied to members without 
charge upon application. 
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American Institute of Electrical Engineers 
33 West Thirty-ninth Street, New York, N. Y. 
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| The New Sharples 
i Portable High Capacity 
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Transformer Oil Purifier 


An ideal combination of 


Centrifuge and Filter Press 


ERIE ESV BRD rom 
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High capacity centrifuge. 
Two 10 g. p. m. presses. - 
Four 6 K.W. electric heaters. 


Transformer oil may be centrifuged without 
filter pressing. 
Switch oil may be centrifuged and filter pressed. 


Centrifuge restores oil to original dielectric 
strength. 


Filter presses remove finely divided 
and colloidal carbon. 


(Full particulars 
mailed on request) 


THE SHARPLES SPECIALTY CO., 2324 WESTMORELAND ST., PHILA. 


Boston New York Pittsburgh Chicago Detroit Tulsa New Orleans 
San Francisco Los Angeles Toronto London Paris Tokio 
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RO BURKE 


PositiveGrip 
Connectors 


S| CHRISTMAS (REETINGS 
1928-74. 


The only connector 
which can be 
partially assembled 
on the ground. 


Made from high 
conductivity copper 
Tobin Bronze or 
Monel Metal Bolts. 


Bulletin on Request. 


BURKE ELECTRIC CO. 
ERIE, PA. 


Offices in Principal Cities 
Pacific Coast—JONES-LYMAN, INC., San Francisco, Los Angeles 
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CHRISTMAS 
SEALS 


Tensile Strength % 
s 100,000 Ibs. 


Sq.in. Weyy,| OULD you buy Christmas Seals 
Fatigue ‘y if you knew they had helped to 
Saas Ge 00 reduce the tuberculosis death-rate? In 
25,000 Ibs. the past twenty years the death-rate has 
Sam: been cut in half—a saving of more than 
Non-Corrosive juga 125,000 lives in the year 1928 alone. 


Then «Buy Christmas Seals,’ for 
they are fighting tuberculosis in a 
hundred ways every day of the year. 


Christmas Seals give protection to 
your friends, to your family—and to you! 


This Copper-Silicon~ Manganese 
Alloy is available in all forms 


arta pu peleaild Meena C. TUBERCULOSIS ASSOCIATIONS OF THE UNITED STATES 


THE NATIONAL, STATE, AND LOCAL 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


Dee. 1928 ADVERTISING SECTION 35 


SOT tt tnt 


A NEW LINE OF COMPRESSION CONNECTORS 
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For Tieing the Leads of Distribution Transformers to Feeder Mains 
(A new idea embodying the utmost in economy and flexibility) 
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A Delta" Star 


THE DARK HORSE DELTA-STAR ELECTRIC COMPANY, ae BLOCK,FULTON ST, CHICAGO, ILLINOIS. © THE DARK HORSE 
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The many refinements that characterize 


Moloney ‘Transformers have resulted 
from long and applied study. Moloney 
Transformer performance is outstand- 
ing because of these betterments in de- 
sign and construction. Specify Moloney 
Transformers for Power, Transmission, 
and Distribution. 


MOLONEY ELECTRIC COMPANY 
Main Office and Factories: ST. LOUIS, MO. 


Sales Offices in Principal Cities 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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American Steel & Wire 
Company || RUGGED-SAFE-PERMANENT 


ioe “CODDERWELD” 
Overhead Ground Wire 


The permanent, high strength of Copper- 
weld Overhead Ground Wire makes it 
possible to obtain a 10% greater safety 
factor. 


You can string Copperweld with less sag 
than the power conductors—assuring ample 
clearance at all times—even with unequal 
ice or wind loading. 


This greater factor of safety and less 
sag, can be obtained with a Copperweld 
wire of smaller diameter than that of the 
power conductors. An appreciable saving 
without any sacrifice of safety. 
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Write the Engineering Department 
of Copperweld Steel Company for En- 
gineering Data Sheet on Copperweld 
Overhead Ground Wire. 


>». 


Graham, Anderson, Probst & White, Chicago—c4rchitects 
John Gill & Sons, Cleveland—General Contractors Co pper rweld| Ste © 1 Co m a mu 


Hatfield Electric Co., Chicago—€lectrical Contractors 


= ee ee 
MAIN OFFICE & MILLS - GLASSPORT, PENNA. 

NEW YORK, 30 CHURCH ST CHICAGO, 129 S. JEFFERSON ST 

DALLAS, 823 S EDGEFIELD ST SAN FRANCISCO, RIALTO BLOG. 


The TERMINAL TOWER Building IN CANADA: Ronen oe co., iat 
Cleveland, Ohio 


W ired ewith haa ile lye oedipal Ll 


ASW 30% Wire 


The new Cleveland Terminal Tower 
Building just opening its doors to 
serve the traveling public, adds 
another great testimonial, to the 


quality and service of ASW 30% fe la Roebling : 
Wire, with which it is wired. ca ie Reg Products 
: ‘ \ Automotive Wires 

It is becoming more generally S and Cables — 


conceded by engineers every day 
that specifying American Steel & 
Wire Company Wire is the best in- 
surance of a dependable and lasting 
wiring system—and on every hand you 
see the increasing use of this wire in 
America’s great new buildings. 


Let us send you our indexed cata-¢ 
logue and handbook of electrical 


= 


? Jone A. Roebling’s Sons Gomeent 
= Trenton, New Jersey 
TM 
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wires and cables. Estimates furnished i “The Nation’s Finest Value in Magnet Wire.’’ 
1 Plain Enamel Single Silk Covered 
Pree eta nee of our offices in Stegle Cotes Enamel Double Silk Covered 
1 1 iti ouble Cotton Enamel Single Cotton Covered 
all the principal C tes. Single Silk Enamel Double Cotton Covered 
Double Silk Enamel 
SALES OFFICES 
CHICAGO. . . 208So. La Salle Street NEWYORK . wi's + « 89 Church Street MARING WIRE COMPANY, Muskegon, Mich., U. S. A. 
LEVELAND . + Rockefeller Building BOSTON . . + . Statler Building 

DETROIT. .° .  . Foot of First Street PITTSBURGH . |... ._. Frick Building Branches in Principal Cities 
CINCINNATI . » Union Trust Building PHILADELPHIA . . . . Widener Building 
MINNEAPOLIS-ST. PAUL. ATLANTA .. » «101 Marietta Street 2 

Merchants,.Nat’] Bank Blag., “St.Paul WORCESTER ° © « « .94 Grove Street & u ali t ») 
st. BOUIS Sh aa Ws.” Ss 506 Olive Street BALTIMORE . . .-+ 32So. Charles St. y we 
KANSAS CITY . Py ‘ 417 Grand Avenue BUFFALO . heme 670 Ellicott Street 
OKLAHOMA CITY . First Nat’l Bank Bldg. WILKES-BARRE  .  . Miners Bank Bldg. qy Vv ; 
BIRMINGHAM * Brown-Marx Bldg. *SAN FRANCISCO . . — Russ Bldg. 
MEMPHIS , Union and Planters Bank Bldg. *LOS ANGELES "5 2087 KE. Slauson Ave. 
DALLAS . 3 . Praetorian Bldg. *PORTLAND . ° . 777 Nicolai St. 
DENVER First National Bank Bldg. *SEATTLE . r 4th Ave. So., & Conn. St. 
SALT LAKE CITY . . « Walker Bank Bldg, *United States Steel Products Company 
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TYPE PD OIL DISCONNECT 
FOR HEAVY PRIMARY LOADS 


This unit is ideal for manual It makes the Type PD Oil Dis- 
control of feeders or loads, which connect particularly adaptable 
do not justify the use of the more for cable ends on poles or in 
complete G & W oil switch. It manholes. It is built on the 
has an oil and air break. Safe unit plan. The cable head, dis- 
enclosure of live metal parts is connect, and overhead entrance 
provided—same as on dis- are separate units. 

connecting potheads—prevents 


accidental contact. Made for underground to under- 


ground, underground to over- 
The air break assures complete head, and overhead to overhead 
isolation from potential. Oil duty. It is available in one, 
carbonization, presence of water, two, three, or four conductor 
or accidental closing of feeder units. 


breakers, will not endanger the $ 
maintenance or repair crews. Use the G&W Type PD oil 

disconnect for your heavy pri- 
The oil break permits primary mary loads on poles or in man- 
feeder loads to be interrupted. holes. 


G&W ELECTRIC SPECIALTY CO. 
7780 DANTE AVE., CHICAGO, ILL. 


EXACTLY 
WHAT 
YOU 
WANT 


Potheads — underground boxes 
and other distribution specialties, 
including the G & W oil and air 
break disconnecting devices and 
the G & W automatic master 
control. See Catalog No. 27. 


‘More than Protection for the Cable Ends 


Civic Beauty With 
CONDEX Park Cable 


Many a city has been given a fine appearance and the 
name of being a live up-to-date place, merely by the 
studied application of “White Way” or Boulevard Light- 
ing. Such lighting systems build goodwill for the city 
and goodwill for the Utility that serves the city. 


CONDEX, the parkway cable with the overlapping, 
interlocking form of steel tape “armor” is specially made 
for this type of service. ‘The “armor” is applied to form 
a steel arch which offers great resistance to crushing and 
assures complete coverage at all times. 


Distribution superintendents who have used CONDEX 
know that the cost of installation is low, because of the 
ease with which it may be laid. No conduits are necessary 
and very little digging is required. 


CONDEX Park Cable is ideal on series lighting circuits 
for municipal street lighting, white way installations, and 
for park or play-ground illuminating systems. 


We manufacture wires and SIMPLEX Wr &CABIF (0 More detailed information: 


cables insulated with rub- MANUFACTURERS with samples and quota- 
ber, paper and varnished 201 DEVONSHIRE ST., BOSTON tions will be furnished upon 
cambric. BRANCH SALES OFFICES request. 


CHICAGO, 564 W. Monroe St. SAN FRANCISCO, 390 Fourth St. 
NEW YORK, 1328 B’way CLEVELAND, 2019 Union Trust Bldg. 


JACKSONVILLE, 1010 Barnett Nat’l Bank Bldg. 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Thomas Quality 


PORCELAIN INSULATORS 
LINE HARDWARE 
WIRING PORCELAINS 
and 


Porcelain Specialties 
i 
An American Standard since ’73 


aw} THE R. 
New York 
Boston 


THOMAS & SONS CO. 
Lisbon, Ohio China Eo 


London 


HIGH VOLTAGE 
INSULATORS 


of Vacuum Process Porcelain 
are made only by 


LAPP INSULATOR COMPANY, INC. 
LE ROY, N. Y., U.S. A. 
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INSULATORS 


[We 


TUT LLLLLs 


CANADIAN PORCELAIN CO., Ltd. 
Hamilton—Ontario—Canada 
Quebec District Office London Office 
612 Transportation Bids. 343 Abbey House, 4 Victoria Street 
Montreal, Qu. London, aa 
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KEARNEY 


MANUFACTURERS OF 


Preheated Certified Malleable Iron Screw Type Anchors 
Outdoor Type Fuse Switches, Disconnecting Switches, 
Choke Coils, and Combinations, 7500 and 15000 volts 

Aluminum, Copper, and Galvanized Iron Guy Wire Clips 
Extension Sleeve Twisters with Interchangeable Dies 

Solderless Service Connectors 


Expulsion Porcelain Plug Cutouts 
Tap Off Clamps 


Write for Catalog 


JAMES R. KEARNEY CORPORATION 
4220 Clayton Avenue - SE LOUIS, MO: 


Hubbard 


and COMPANY 


PITTSBURGH* OAKLAND, CAL* CHICAGO PIT TSBURGH* OAKLAND, CAL* CHICAGO. 


v 


Che Hardware makes the tine 
Hubbard makes the Hardware 


EMI 


eet BS ORS” 


The transparency of Hemingray Glass Insulators 
makes line inspection very simple. The lineman 
can tell at a glance whether the insulator is intact or not. 
Hemingray insulators are mechanically and dielectrically 
dependable, non-porous and uniform in structure. They 
defy moisture and age. 


Send for Bulletin No.1. 
HEMINGRAY GLASS COMPANY 


Muncie, Indiana 


‘Your work is entirely satisfactory, your prices always 
reasonable.’’ That thought is expressed in many 
dozens of letters on file in our office. It is the reason 
why large central stations now use our service regularly 
and save substantially on transformer maintenance. 


212 Walnut Street 


One week to re-wind any transformer up to 500 K. V. A. 


WE BUY MODERN TYPE TRANSFORMERS—ANY SIZE—ANY QUANTITY 


ae ELECTRIC SERVICE. CO.“ 


Americas Used Transformer Clearing House 


Our Monthly Bulletin gives full scale of rewinding 
prices, and lists about 5,000 rebuilt transformers in 
stock for immediate shipment. These include sizes 
from 1 to 1000 K. V. A., 110 to 66,000 Volts, and are 
priced from 30% to 60% below new equipment. 


Cincinnati,Ohio 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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reproducers and other electro-acoustical devices. 
Described in Catalogue E. 


GENERAL RADIO COMPANY 


Manufacturers of 
Radio and Electrical Laboratory Apparatus 


30 STATE ST. CAMBRIDGE, MASS. 
EMM MMMM 


SAUTER 


Glectric 
TIME SWITCHES 


These ‘‘astronomic”’ time switches 
are carried in stock for circuits of 


250 Volts: 10, 25, 40, 60, 100, 200, 
3 
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| OSCILLATOR 0" 
= | | Na 

: Wy," | 

: be ONY th 
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= | Ui For 

5 = more than 
= 2 d =| twenty years 
2 TYPE 413 : Ls —Faradon 
= BEAT FREQUENCY OSCILLATOR = EF ek pe decades aa tse ornee 
= PRICE ee e 8 @ @ $210.00 = AMAR REIS eS ee ae 
= When an oscillator is designed for testing over = Ree ee nae sgn eee eee 
= a considerable range of frequency, quick vari- ~ are accepted as the Beeedard of electrostatic 
= ability is an important feature. In the Type =z condenser dependability. 

= 413 oscillator two oscillators are arranged to beat = We are always ready to assist in the solution 
= together. Variation of the frequency of one =z of your capacitor problems. 

= oscillator provides a beat frequency varying =z Y, WIRELESS SPECIALTY APPARATUS CO. 
= from 15 to 9,000 cycles. A single 180° rotation a Jamaica Plain, Boston, Mass., U. 8. A. 

= of the control accomplishes the variation. i | Established 1907 

= The rapid variability feature of this oscillator WW? am 

= makes it particularly adapted to the testing of — | 


TT 


5 


is 


Ask for new catalog S-1. 


R. W. CRAMER 


136 Liberty St. 


& COMPANY, INc. 


New York City 


BUILDS 
SPECIAL SMALL 


Y 
Y 


to order for Engineers and Experi- 
menters. Submit your specifications or 
problems to us without obligation. 
CHICAGO-JEFFERSON FUSE & 
ELECTRIC CO. 
1582 W. 15th Street, Chicago, III. 


Electrostatic Condensers for All Purposes 


pe 
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The Stabilized Oscilloscope 
A Visual Oscillograph 


Simple to Operate—An instrument no more difficult 
to operate than a high grade radio receiving set. 

Portable—Weighing but 40 pounds in its beautiful 
walnut cabinet, it is easily taken from research 
room to lecture room or to a distant substation. 

Linear Time Axis—By the use of a unique scheme, 


Amps. a linear time axis is obtained which is synchronized 

4600 Volts: 25 and 50 Amps. with the circuit under study, so that a perfectly 

8000 Volts: 25 and 50 Amps. stationary visual wave is obtained which may be 

SE Pie Fe examined with great care, traced or photographed. 


High Frequencies—As there is no damping and the 
inertia of the electron beam is only 10-8 grams, the 
response to all frequencies and harmonics is true 
and accurate. 

Small Current—One micro-ampere is sufficient to 
actuate this small moving element. 

Immediate Results—Because it is visual, a class in 
Electrical Engineering or Radio can watch the 
effect of changing the constants in any circuit while 
it ts happening. A power engineer can observe 
the effect on wave form of various loads, field 
excitations, etc., making a photographic record of 
the results which it is deemed should be permanent. 

Powerful Research Tool—Wherever vibrational 
phenomena are involved. 

The Price is reasonable. 

Described by Prof. F. Bedell, A.I.E.E. Journal June 1927. 
Write for Reprint and Circular No. 273 


THE BURT-CELL—A_ Photo-electric cell without fatigue 
previously advertised, is described in Bulletin No. 271 
Write for a copy. 


We also manufacture quartz photo-cells 
of remarkable constancy. 


DR. R. C. BURT 


327 South Michigan Ave. 
PASADENA, CALIFORNIA 
Cable Address: ‘‘Burt Pasadena’’ 


Research Fellow 
California Institute 
of Technology 


Scientific 
Instruments 
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A high grade fibre board 2 = 

for electrical insulation. = Z 

A material of quality pos- 5 - 

apa schaepitts eye and : Lava is a superior insulating Z 
1electric str e S : eras = 
SLL = material, combining fireproof 2 

: qualities, great dielectric E 

Tested and approved by strength and high tensile : 

¢ 9 2 : = 

the Underwriters’ Labora- : strength. Special parts, - 
tories. = accurately made to specifi- a 

: cations, insure uniform, de- 2 

Pulp Products D = : = 

ulp Products Department ; pendable insulators. 2 

WEST VIRGINIA : : 

200 Fifth Avenue, New York, N. Y. z 27-67 Williamson sot E 

= Chattanooga Tennessee =z 

752 Suerman Street 503 Market Street = = 

acoe ool: Sani Rra estat al = Manufacturers of Heat Resistant Insulators = 
TMM nn 

1 MUTUIUINI LUNN UI: See TUTTI LLL LLL LULL LUE LULL LUT ULE E CULL ULL LL 
"SUNDH “ ELECTRIC’ — s 
= COMPANY = = Di ifi ere e = 
; : _ _ Diversified or Specific Experience = 
= lite > of our = = whichever may be your preference, is available = 
= Elements % Business = = to fill your position. = 
= OHO ae The resources of the membership of the = 
= 2 = American Society of Civil Engineers, the = 
= eS American Society of Mechanical Engineers, = 
= z = the American Institute of Mining and Metal- 5 
2 TRADE-MARK = = lurgical Engineers, and the American Institute = 
2 Automatic Starters Pressure Regulators = = of Electrical Engineers cover many technical, = 
= Cheep a: Nessa es eee Jaa = = economic and executive needs. = 
5 Magnalswitcnes Vale Conesl ee = 2 Send your requirements to = 
S = = e e ° ° e = 
2 WRITE FOR CATALOG 2 = TheEngineeringSocietiesEmploymentService z 
= : = 2 31 West 39 St. 205 W. Wacker Dr. 57 P Ae 
= Sundh Electric Company, 4 Ave. C, Newark, N. A z = SEO: Cuiioe 5 = dace = 
= Branch Offices or Sales Representatives in Principal Cities = = = 
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Wanted! 


Copies of the May 1928 issue of the 
JOURNAL are urgently required to fill 
orders for this number. 


Mailing wrappers containing these copies 
should bear sender’s name and address. 
Twenty-five cents will be paid for each 
copy returned. 
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American Institute of Electrical Engineers 
33 West 39th Street, New York 


MMMM 
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See Preceding Issue of Journal of A. I. E. E. for ad of 


OLLER-SMITH COMP. 


Electrical Measuring and Protective Appar 


atus 


MAIN OFFICE: WORKS: 
12 Park Place, NEW YORK Bethlehem, Penna. 


Offices in Principal Cities in the United States and Canada 
Representatives in Australia, Cuba and Japan 


INSTRUMENTS 
CIRCUIT BREAKERS 
RELAYS 


of all Types for all purposes 
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Trade ““HSCO” Mark 


ELECTRIC SPECIALTY CO. 


Engineers and Manufacturers 


MBE 


SUUITUUTEE AG TVS YT TARE HR 


The Pioneer Manufacturer 


——Of— 


Interpole & Ball Bearing 
Motors 


ULLCUOOTUAOULLOUULUEELLUU HOLGATE 


DESIGN — 
DEVELOP — 
PRODUCE — 


¥ to 1000 H.P. D.C. and A. C. 


Small Motors, Generators, Dynamotors, 
Motor Generators, Rotary Converters, Etc. 
FOR SPECIAL PURPOSES—Send Us Your Problems 


222 South Street, STAMFORD, CONN., U.S.A. 


MUOVTTUULTUUUTUURTTEOTEAL COLLECT OUUTUUUCROOOUTOUUOUUCTOUNUOUOUUUTUOLOOOLNOOUOUOUUNUUUNOOMOUUNCUUTUOUOO OOOO UO OOOO ir 
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Oped se oe Lasgineers 
Manufacturers « Inventors 


We possess exceptional facilities for doing your 
experimental work...models, dies, tools, in- 
struments, light machinery...general manu- 
facturing...inventions developed. Customer’s 
supervision in machine shop permitted. Over = 
thirty years’ specialized experience. Clients = 
include Bell Telephone Laboratories, All-America = 
Cables, Inc., and other well known organizations. = 


Type ‘‘S” Ball Bearing Motor 
with base and pulley 


ELECTRO DYNAMIC COMPANY 


Manufacturers of Ball Bearing Motors Since 1904 


BAYONNE, N. J. 


Sales Offices in Principal Cities 


“Quality for Half a Century” 


UEDA OTTO ROA AOU HS 


MARTINDALE want%cr EQUIPMENT 
HULLHORST %¢%8 UNDERCUTTERS 


for Slotting Commutators 


7 Different Types From Which to Make Selection — 
5 of Which Will Cut Both ‘‘U”’ and ‘‘V’’? Shaped Slots 


Shipped on Approval! 


MARTINDALE ELECTRIC CO. 


CLEVELAND, OHIO, U.S. A. 


MANUFACTURERS’ & INVENTORS’ ELECTRIC Co. 
Incorporated 1897 
228 West Broadway, New York 
(Smith Building at Franklin St.) 
Tel. Walker 2210-2211 Cable Address ‘“‘“MANDIELECO” 
EMM MMMM 
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THE MARTINDALE MARTINDALE 
ELECTRIC CO. ELECTRIC CO., Ltd. 
1254 W. 4th St. The Hyde, Hendon 
CLEVELAND, O., U.S. A. LONDON, N.W.9, England 


describing Hullhorst Undercutters and other interesting and 


| 
Send me your No. 9 Catalog of 24 pages illustrating and | 
l 
useful Commutator Slotting Equipment. 


By (name and title).....------.-------------------------------- . 12/28 


MARTINDALE waixtexance EQUIPMENT 
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ADVERTISING SECTION 


Journal A. I. EH. E. 


PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in the Fields of Engineering, and Related Arts and Sciences 


AMBURSEN DAMS 


Hydroelectric Developments 
Water Supply and Irrigation Dams 
DAMS ON DIFFICULT FOUNDATIONS 


AMBURSEN CONSTRUCTION CO. 
Incorporated 
Grand Central Terminal, New York 
Kansas City, Mo. Atlanta, Ga. 


W. S. BARSTOW & COMPANY 


Incorporated 


Financial and Operating 


Managers of 
Public Utilities 


50 Pine Street New York 


HAROLD A. DANNE 
LIGHT AND POWER PLANTS 


Valuation : Equipment : Design 


41 Park Row, New York Tel. Cort. 2142-3 


DAVID V. FENNESSY 


Consulting Power Engineer 


MILLS BUILDING 


EL PASO, TEXAS 


BATTEY & KIPP 
pa dS Card space limited 
ENGINEERS oak 
: to 1” x 2” for each 
Complete Industrial Plants 
Power Plants & Electrical Installations dvertiser. 
Engineering Reports, Analyses & Appraisals us rtise 
231 South LaSalle Street CHICAGO 
A 
BLACK & VEATCH FORD, BACON & DAVIS 
Consulting Engineers Incorporated 
Water, Steam and Electric Power Investiga- ENGINEERS 
tions, Design, Supervision of Construction, 
Valuation and Tests. 115 Broadway, New York 
Mutual Building KANSAS CITY, MO. Philadelphia Chicago San Francisco 


ROBERT C. BURT, £.£., Ph.D. 
DONALD H. LOUGHRIDGE, Ph.D. 


Consulting Physicists 
Designers and Makers of 
Scientific Instruments 


PASADENA 


327 So. Michigan Ave. California 


BYLLESBY 
ENGINEERING AND MANAGEMENT 
CORPORATION 


231 S. La Salle Street 
CHICAGO 


New York San Francisco 


EDWARD E. CLEMENT 
Fellow A. I. E. E. 


Attorney and Expert 
in Patent Causes 


Soliciting, Consultation, Reports, 
pinions 


McLachlen Bldg. Washington, D. C. 
700 10th St., N. W. 


Refer to this Directory 
when the services of 
a consulting engineer 


FRANK F. FOWLE & CO. 


Electrical and Mechanical 
Engineers 


MONADNOCK BUILDING CHICAGO 


FREYN ENGINEERING COMPANY 


Industrial Electric Power 
Generation—Application—Purchase 

Combustion Engineering 

Electric Furnace Installations 


310 South Michigan Ave. CHICAGO 


A. BARNETT GREEN 
Mem. A. I. E. E. 
Editorial Work— 
Book Revisions— 
Compilations and Reports— 
Preparation of Technical Copy— 


1328 Broadway NEW YORK 
Tel. Wisconsin 4525 


HOOSIER ENGINEERING CoO. 


Erectors of 
Transmission Lines and Substations 


100 W. Monroe Street 


Dugald C. Jackson = 
Edward L. Moreland 


JACKSON & MORELAND 
CONSULTING ENGINEERS 


31 St. James Ave. 


Boston, Mass. 


E. S. LINCOLN 
Consulting Electrical Engineer 


Designs Investigations Reports 


Electrical Research Laboratory 


Graybar Building 
420 Lexington Avenue 


NEW YORK 


MCCLELLAN & JUNKERSFELD 


Incorporated 
Engineering and Construction 


Power Developments—Industrial Plants 
Electrifications—Examinations 
Reports—Valuations 


NEW YORK 
68 Trinity Place 


Chicago St. Louis 


WALLACE MONTGOMERY 
Mem. A. I: E. E., A. S. M. E. 


Electrification —- Remodelling 
CANE AND BEET SUGAR 
FACTORIES 
104 Mills Street 


Morristown, N. J. 


N. J. NEALL 


Consulting Engineer 
for 
Electrical and Industrial Properties 


12 PEARL STREET BOSTON, MASS. 


NEILER, RICH & CO. 


Electrical and Mechanical 
Engineers 
Consulting, Designing and 
Supervising 


431 So. Dearborn St. — -—- — Chicago 


OPHULS & HILL, Inc. 


Formerly Ophuls, Hill & McCreery, Inc. 
CONSULTING ENGINEERS 


112-114 WEST 42nd ST., NEW YORK CITY 


Ice Making and Refrigeration 
Investigations and Reports 


To be printed in the 
following issue, copy for 
cards must be received 


wz 
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are required. CHICAGO by the 20th of the month. 2 
= NEW YORK INDIANAPOLIS = 
= 81 Nassau Street 5 E. Market Street = 
iii i {itt t ttt ttt tts 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


Cees ee ee en eee. a 


Dee. 1928 ADVERTISING SECTION 43 


SUUUTIUAUALOLUNNHALL ALN 
i HUTT 4 


Lis 


= = 
_ PROFESSIONAL ENGINEERING DIRECTORY | 
= z2 
= . ° . . 
= For Consultants in the Fields of Engineering, and Related Arts and Sciences i 
2 2 
z FARLEY OSGOOD SCOFIELD ENGINEERING Co. STONE & WEBSTER = 
= Consultant Cc Iti : Incorporated z 
= Design, Construction, Operation STEER CS DESIGN AND CONSTRUCTION Z 
z Tutor Comnection Power Stations Gas Works EXAMINATIONS REPORTS = 
= PUBLIC UTILITIES Hydraulic Developments Electric Railways APPRAISALS = 
= National Bank of Commerce Building Examinations & Reports Valuations INDUSTRIAL AND PUBLIC SERVICE = 
31 Nassau Street, New York, N. Y. Philadelphi PROPERTIES ; = 
I Tel.: Rector 7878 Cable Address: Fargood ar New York Boston Chicago = 
= = 
: W. P 
= . P. POWERS PERCY H. THOMAS = 
= (Formerly with Stevens Institute of Technology) J OHN A. STEVEN S . : 2 
= r Consulting Engineer = 
E ONSULTING ENGINEER CONSULTING POWER ENGINEER ELECTRIC POWER: = 
= Mechanical and Electrical Tests ; eh = 
Generation—Transmission = 
= U. S. Tool Company, Inc., : 16 Shattuck Street Applications 2 
: Ampere (Newark) N. J. LOWELL MASSACHUSETTS 120 BROADWAY NEW YORK| 2 
= 2 
SANDERSON & PORTER r THE J. G. WHITE = 
ne STEVENS & WOOD 2 
I RS INCORPORATED ENGINEERING CORPORATION = 
: PUBLIC UTILITIES & INDUSTRIALS Engineers — Constructors = 
z Desica Condtruction Management Engineers and Constructors Oil Refineries and Pipe Lines, = 
= Examinations Reporis Valuations Steam and Water Power Plants, = 
E 20 PINE STREET, NEW YORK Transmission Systems, Hotels, Apartments, = 
= eee ra ee i Vouncstown’O Offices and Industrial Buildings, Railroads = 
= ieee lO ECL SCO Law 43 EXCHANGE PLACE NEW YORK = 
= = 
z 2 
= SARGENT & LUNDY J. G. WRAY & CO. = 
i "Incorporated STOCKBRIDGE & BORST Engineers 2 
= Plechanical and Blectrical J. G. Wray, Fellow A.I.E.E. Cyrus G. Hill = 
= Engineers Patent Law Utilities and Industrial Properties 2 
z Appraisals Construction Rate Surveys = 
= 1412 Edison Bldg., 72 West Adams Street Jans | Organizations Estimates 2 
= CHICAGO ILLINOIS 41 PARK ROW NEW YORK CITY Financial Investigations Management = 
= 2130 Bankers Bldg., Chicago = 
= z 
i . 
i : 
= OUR CARD in each issue of this publication—12 times a 2 
: year, will keep your name and specialized service con- 5 
= stantly before the electrical industry. = 
3 Qualified advertisers in the Engineering Directory are invited z 
A to send for rates. z 
EAM MMMM UT TN TMT TT TTT TN TTT TUT TUT TTA UT CD LLL LLL LLL LL LL LLL CD 
SQUAT 
= Inspections — Tests — Research = 
= ELECTRICAL Test tad d * th haser for the followin: pose: 
= ests may be used by the purchaser for fe) g purposes: = 
= TESTING (1) To determine the quality of competing samples. This enables the purchase = 
= of the best quality for the money. = 
= LABORATORIES (2) To make sure that shipments comply with specifications. This makes possible = 
= the assurance to the customer that shipments match buying samples. = 
= 80th Street and East End Ave. (3) To furnish an impartial decision in case of disputes between purchaser and = 
= NEW YORK manufacturer. = 
= Testing places the whole buying problem on a sound basis. = 
= nn 


MUU 


STOCK QUOTATION PRINTING TELEGRAPH SYSTEMS 


= NEWS AND QUOTATION TICKERS — FOR ALL PURPOSES 

2 TELEGRAPH COMPANY 

= {XPERIENCE of the world’s greatest stock markets and news distributing 
24 Moore Street 


agencies, establishes the efficiency of the narrow and broad tape “‘ticker”’ 
systems for the dissemination of quotations and news. 
New York City New York Complete Plants for Export 
MMT MM 
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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ADVERTISING SECTION 


Journal A. I. HE. KE. 


Classified Advertiser’s Index for Buyers 


Manufacturers and agents for machinery and supplies used in the electrical and allied industries. 
Note: For reference to the advertisements see the Alphabetical List of Advertisers on page 61. 


AIR COMPRESSORS 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities 


AMMETER COMPENSATING COILS 
Minerallac Electric Co., Chicago 


AMMETER, VOLTMETERS 
(See INSTRUMENTS, ELECTRICAL) 


ANCHORS, GUY 
Copperweld Steel Co., Glassport, Pa. 
Hubbard & Co., Pittsburgh 
Kearney Corp., Jas. R., St. Louis 
Matthews Corp., W. N., St. Louis 


ARMS FOR STREET LIGHTING 
Hubbard & Co., Pittsburgh 


BATTERY CHARGING APPARATUS 
Electric Specialty Co., Stamford, Conn. 
Fansteel Products Co., Inc., North Chicago 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg..Co., E. Pitts- 

burgh 

BEARINGS, BALL 
New Departure Mfg. Co., The, Bristol, Conn. 
Norma-Hoffmann Bearings Corp., Stamford, 


Conn. ae 
Standard Steel & Bearings, Inc., Plainville, 
Conn. 


BEARINGS, TAPERED ROLLER 
Timken Roller Bearing Co., The, Canton, O. 


BEARINGS, THRUST & RADIAL 
Timken Roller Bearing Co., The, Canton, O. 


BLOWERS, PORTABLE 
Martindale Electric Co., The, Cleveland 


BOXES, FUSE 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., Pitts- 

burgh 

BOXES, JUNCTION 
Chicago-Jefferson Fuse & Elec. Co., Chicago 
G &W Elec. Specialty Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 
Standard Underground Cable Co., Pittsburgh 


BRACKETS AND PINS, METAL 
Hubbard & Co., Pittsburgh 


BRUSHES, COMMUTATOR 
Carbon 
Morganite Brush Co., Inc., L. I. City, N. Y. 
National Carbon Co., Inc., Cleveland 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Copper Graphite 
Morganite Brush Co., Inc., L. I. City, N. Y. 
National Carbon Co., Inc., Cleveland 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
BRUSHES, INDUSTRIAL 
Hanson-Van Winkle-Munning Co., Mata- 
wan, N. J. 
BUS BAR FITTINGS 
Burndy Engineering Co., Inc., New York 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
BUSHINGS, PORCELAIN 
Ohio Brass Co., Mansfield, O. 


CABLE ACCESSORIES 
Delta Star Electric Co., Chicago 
Dossert & Co., New York 
G &W Electric Specialty Co., Chicago 
General Electric Co., Schenectady 
Minerallac Electric Co., Chicago 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
CABLE RACKS 
Hubbard & Co., Pittsburgh 
Metropolitan Device Corp., Brooklyn, N. Y. 
CABLES 
SEE WIRES AND CABLES 
CABLEWAYS 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


CAMBRIC, VARNISHED 
Belden Mfg. Co., Chicago 
General Electric Co., Bridgeport, Conn. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CARRIER CURRENT TELEPHONE EQUIP- 
MENT 


Western Electric Co., All Principal Cities 
Wireless Specialty Apparatus Co., Boston 


CIRCUIT BREAKERS 
Air—Enclosed 
I-T-E Circuit Breaker Co., The, Philadelphia 
Roller-Smith Co., New York 
Sundh Electric Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
al 


O 
Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Pacific Elec. Mfg. Corp., San Francisco 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CLAMPS, GUY & CABLE 
Burndy Engineering Co., Inc., New York 
Hubbard & Co., Pittsburgh 
Kearney Corp., Jas. R., St. Louis 
Matthews Corp., W. N., St. Louis 


CLAMPS, HOT LINE 
Hubbard &Co., Pittsburgh 
Kearney Corp., Jas. R., St. Louis 


CLIPS, CABLE 
Hubbard & Co., Pittsburgh 
Kearney Corp., Jas. R., St. Louis 

CLOCKS 
Cramer & Co.,Inc., R. W., New York 
Sangamo Elec. Co., Springfield, Ill. 

COILS, CHOKE 
Burke Electric Co., Erie, Pa. 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

COILS, MAGNET 
Belden Mfg. Co., Chicago 
Dudlo Mfg. Corp., Ft. Wayne, Ind. 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

COMMUTATOR SEGMENTS AND RINGS 

Mica Insulator Co., New York 


alate rae GRINDING AND TURNING 
Martindale Electric Co., The, Cleveland 


COMMUTATOR SLOTTERS AND SAWS 
Martindale Electric Co., The, Cleveland 


COMMUTATOR STONES 
Martindale Electric Co., The, Cleveland 


CONDENSATION PRODUCTS 
Bakelite Corporation, New York 


CONDENSERS, COUPLING 
For Carrier Current Telephone 
Wireless Specialty Apparatus Co., Boston 
CONDENSERS, RADIO 
General Radio Co., Cambridge, Mass. 
Sangamo Elec. Co., Springfield, Ill. 
Wireless Specialty Apparatus Co., Boston 


CONDENSERS, STEAM 
Allis-Chalmers Mfg. Co., Milwaukee 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
CONDUIT, UNDERGROUND FIBRE 
Western Electric Co., All Principal Cities 


CONNECTORS, SOLDERLESS 
Dossert & Co., New York 
Kearney Corp., Jas. R., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
CONNECTORS AND TERMINALS 
Belden Mfg. Co., Chicago 
Burke Electric Co., Erie, Pa. 
Burndy Engineering Co., Inc., New York 
Dossert & Co., New York 
G & W Electric Specialty Co., Chicago 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


CONTACTS, TUNGSTEN : 
Fansteel Products Co., Inc., North Chicago 
General Electric Co., Schenectady 

CONTROLLERS 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Sundh Electric Co., Newark, N. J. 

Western Electric Co., All Principal Cities 
abet ec Elec. & Mfg. Co., E. Pitts- 
urg 

CONVERTERS—SYNCHRONOUS 
Allis-Chalmers Mfg. Co., Milwaukee 
Electric Specialty Co., Stamford, Conn. 
Wagner Electric Corp., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
COPPER CLAD WIRE 
Belden Mfg. Co., Chicago 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
COPPERWELD WIRE 
Copperweld Steel Co., Glassport, Pa. 
CROSS ARMS, STEEL 
Hubbard & Co., Pittsburgh 
CUT-OUTS 
Condit Electrical Mfg. Corp., S. Boston 
General Electric Co., Schenectady 
G & W Electric Specialty Co., Chicago 
Kearney Corp., Jas. R., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
DRAWING INSTRUMENTS 
Cramer & Co., Inc., R. W., New York 
DYNAMOS 
(See GENERATORS AND MOTORS) 


DYNAMOTORS 
Burke Electric Co., Erie, Pa. 
Electric Specialty Co., Stamford, Conn. 


ELECTRIFICATION SUPPLIES, STEAM 
ROAD 


General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, Ohio 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
ELECTROPLATING EQUIPMENTS, COM- 
PLETE 
Hanson-Van Winkle-Munning Co., Mata- 
wan, N. J. 
ENGINEERS, CONSULTING AND CON- 
* TRACTING 
(See PROFESSIONAL ENGINEERING 
DIRECTORY) 


ENGINES 
Gas & Gasoline 
Allis-Chalmers me Co., Milwaukee 
il 


4 
Allis-Chalmers Mfg. Co., Milwaukee 
Steam 
Allis-Chalmers Mfg. Co., Milwaukee 
FANS, MOTOR 
Century Electric Co., St. Louis 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
FARM LIGHTING GENERATORS 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
FIRE ALARM SYSTEMS 
American Fire Protection Bureau, Inc., New 
York 
FIRE EXTINGUISHING APPARATUS 
Walter Kidde & Co., Inc., New York 
FLOW METERS 
General Electric Co., Schenectady 
FURNACES, ELECTRIC 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
FUSES 
Enclosed Refillable 
Chicago-Jefferson Fuse & Elec. Co., Chicago 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities 
baba se Elec. & Mfg. Co., E. Pitts- 
urg 


Is your 
name on our 
mailing list 
'for bulletins 
~ and catalog? 
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Morganite 
e€ ‘ Brush Co., Inc. 
3302-3320 Anable Ave., 


Long Island City, 
N. ¥. 
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FERRANTI 
TRANSFORMERS 


10,000 K.V.A., 3-phase, 50 cycles 6600/11000 volts, 
oil insulated, self-cooled transformer with equipment 
for changing taps under load. 


FERRANTI, INC. FERRANTI, LTD. FERRANTI ELECTRIC 
130 W. 42nd Street Hollinwood Limited 
New York England Toronto, Canada 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Journal A. I. E. E. 


Classified Advertiser’s Index for Buyers—Continued 


FUSES— Continued 
Enclosed Non-Refilla ble 
Chicago-Jefferson Fuse & Elec. Co., Chicago 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities 
Open Link 
Chicago-Jefferson Fuse & Elec. Co., Chicago 
General Electric Co., Schenectady 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 
High-Tension 
Delta-Star Electric Co., Chicago 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 
FUSE PULLERS 
Kearney Corp., Jas. R., St. Louis 
GEARS, FIBRE 
General Electric Co., Schenectady 
GENERATORS AND MOTORS 
Allis-Chalmers Mfg. Co., Milwaukee 
Burke Electric Co., Erie, Pa. 
Century Electric Co., St. Louis 
Chandeysson Electric Co., St. Louis 
Electric Specialty Co., Stamford, Conn. 
Electro-Dynamic Co., Bayonne, N. J. 
General Electric Co., Schenectady 
Lincoln Electric Co., The, Cleveland 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities — 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
GENERATING STATION EQUIPMENT 
Aliis-Chalmers Mfg. Co., Milwaukee 
Burke Electric Co., Erie, Pa. 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
GROUND CONNECTIONS 
Hubbard & Co., Pittsburgh 
GROUND RODS 
Copperweld Steel Co., Glassport, Pa. 
Hubbard & Co., Pittsburgh ; 
Western Electric Co., All Principal Cities 
HARDWARE, POLE LINE AND INSULATOR 
Hubbard & Co., Pittsburgh 
Ohio Brass Co., Mansfield, O. , 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
HEADLIGHTS 
Ohio Brass Co., Mansfield, O. : 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
HEATERS, INDUSTRIAL 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities — 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
IGNITION SYSTEMS, AUTOMOBILE 
Wagner Electric Corp., St. Louis 


INDICATORS, SPEED 
Roller-Smith Co., New York 


INDICATORS, REMOTE, WATER LEVEL 
Cramer & Co., Inc., R. W., New York 


INSTRUMENTS, ELECTRICAL 

vaphic 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady : 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 
Indicating 

Burt, Dr. Robert C., Pasadena 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Jewell Elec. Instrument Co., Chicago 
Roller-Smith Co., New York : 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


urgh 

Weston Elec. Inst. Corp., Newark, N. J. 
Integrating 

Duncan Elec. Mfg. Co., Lafayette, Ind. 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Roller-Smith Co., New York 
Sangamo Elec. Co., Springfield, Ill. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
& Radio 


General Radio Co., Cambridge, Mass. 
Jewell Elec. Instrument Co., Chicago 
Repairing and Testing 

Electrical Testing Laboratories, New York 

Jewell Elec. Instrument Co., Chicago 

Martindale Electric Co., The, Cleveland 

Scientific Laboratory, Testing 

Burt, Dr. Robert C., Pasadena 

Cramer &Co.,Inc., R. W., New York 

General Electric Co., Schenectady 

Jewell Elec. Instrument Co., Chicago 

Martindale Electric Co., The, Cleveland 

Metropolitan Device Corp., Brooklyn, N. Y. 

Roller-Smith Co.,New York hd 

Western Electric Co., All Principal Cities 

Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Weston Elec. Inst. Corp., Newark, N. J. 
Telegraph me ~~ 

Western Electric Co., All Principal Cities 


INSULATING MATERIALS 
Beads, Insulating 
Martindale Electric Co., The, Cleveland 
Board 
General Electric Co., Bridgeport, Conn. 
West Va. Pulp & Paper Co., New York 
Cloth 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Composition 
American Lava Corp., Chattanooga 
Bakelite Corporation, New York 
Belden Mfg. Co., Chicago 
General Electric Co., Bridgeport, Conn. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Compounds 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Fibre 
Belden Mfg. Co., Chicago 
General Electric Co., Bridgeport, Conn. 
West Va. Pulp & Paper Co., New York 
Lava 
American Lava Corp., Chattanooga, Tenn. 
Mica 
Mica Insulator Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Paper 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


Silk 
General Electric Co., Bridgeport, Conn. 
Tape 
Belden Mfg. Co., Chicago 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Okonite Co., The, Passaic, N. J. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Varnishes 
General Electric Co., Bridgeport, Conn. 
Mica Insulator Co., New York 
Minerallac Electric Co., Chicago 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


INSULATORS, HIGH TENSION 
Composition 
General Electric Co., Schenectady 


Glass 
Hemingray Glass Co., Muncie, Ind. 


Porcelain 
Canadian Porcelain Co., Ltd., Hamilton, Ont. 
General Electric Co., Schenectady 
Lapp Insulator Co., Inc., LeRoy, N. Y. 
Locke Insulator Corp., Baltimore 
Ohio Brass Co., Mansfield, O. 
Thomas & Sons Co., R., Lisbon, O. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Post Type 
Delta-Star Electric Co., Chicago 
Ohio Brass Co., Mansfield, O. 


INSULATORS, TELEPHONE & TELEGRAPH 
Hemingray Glass Co., Muncie, Ind. 
Ohio Brass Co., Mansfield, O. 
Western Electric Co., All Principal Cities 


INSULATOR PINS 
Hubbard & Co., Pittsburgh 
Ohio Brass Co., Mansfield, O. 
Thomas & Sons Co., R., Lisbon, O. 


LAMP GUARDS 
Matthews Corp., W. N., St. Louis 
Western Electric Co., All Principal Cities 


LATHES, BUFFING AND POLISHING 
Hanson-Van Winkle-Munning Co., Mata- 
wan, N. J. 


LAVA 
American Lava Corp., Chattanooga 


LIGHTNING ARRESTERS 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Hubbard & Co., Pittsburgh 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


LOCOMOTIVES, ELECTRIC 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


LUBRICANTS 
Texas Co., The, New York 


MAGNETIC SEPARATORS 
Electric Controller & Mfg. Co., Cleveland 


METERS, ELECTRICAL 

(See INSTRUMENTS ELECTRICAL) 
METER SEALS 

Metropolitan Device Corp., Brooklyn, N. Y. 
MICA PRODUCTS 

Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 

MICA UNDERCUTTERS 

Martindale Electric Co., The, Cleveland 
MOLDED INSULATION 

Bakelite Corporation, New York 

Belden Mfg. Co., Chicago 

Burke Electric Co., Erie, Pa. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

MOLYBDENUM 

Fansteel Products Co., Inc., North Chicago 
MOTORS 

(See GENERATORS AND MOTORS) 
OHMMETERS 

Jewell Elec. Instrument Co., Chicago 

Martindale Elec. Co., Cleveland 

Roller-Smith Co., New York 

Weston Elec. Instr. Corp., Newark, N. J. 
OIL SEPARATORS & PURIFIERS 

Sharples Specialty Co., The, Philadelphia 

Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
OSCILLOSCOPES 
Burt, Dr. Robert C., Pasadena 
PANEL BOARDS 
(See SWITCHBOARDS) 
PATENT ATTORNEYS 
(See PROFESSIONAL ENGINEERING 
DIRECTORY) 
PHOTO-ELECTRIC CELLS 
Burt, Dr. Robert C., Pasadena 
PLATING GENERATORS 
Burke Electric Co., Erie, Pa. 
Chandeysson Elec. Co., St. Louis 
Electric Specialty Co., Stamford, Conn. 
Hanson-Van Winkle-Munning Co., Mata- 
wan, N. J. 
PLUGS 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities - 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
POLE LINE HARDWARE 
Hubbard & Co., Pittsburgh 
Ohio Brass Co., Mansfield, O. 
POLES, STEEL 
Western Electric Co., All Principal Cities 
POLES—TIES, WOOD 
Western Electric Co., All Principal Cities 
POTHEADS 
G & W Electric Specialty Co., Chicago 
Ohio Brass Co., Mansfield, O. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 
PRINTING TELEGRAPH SYSTEMS 
Stock Quotation Telegraph Co., New York 
PROTECTIVE DEVICES 
Metropolitan Device Corp., Brooklyn, N. Y. 
Western Electric Co., All Principal Cities 
PULLERS, SLACK 
Matthews Corp., W. N., St. Louis 
PUMPS 
Allis-Chalmers Mfg. Co., Milwaukee 
RADIO LABORATORY APPARATUS 
General Radio Co., Cambridge, Mass. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
RAILWAY SUPPLIES, ELECTRIC 
General Electric Co., Schenectady 
Ohio Brass Co., Mansfield, O. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


urg 
REACTORS 
General Electric Co., Schenectady 
Metropolitan Device Corp., Brooklyn, N. Y. 
RECTIFIERS 
Fansteel Products Co., Inc., North Chicago 
General Electric Co., Schenectady 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
REELS, PAYOUT AND TAKEUP 
Matthews Corp., W. N., St. Louis 
REGULATORS, VOLTAGE 
Burke Electric Co., Erie, Pa. 
General Electric Co., Schenectady 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
RELAYS 
Cramer & Co., Inc., R. W., New York 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
RESISTOR UNITS 
General. Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
RHEOSTATS 
General Electric Co., Schenectady 
Sundh Electric Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
urg 
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Candelabra Sockets of Bakelite Molded. 


A Candelabra Socket formed of Bakelite Molded 


Frank W. Morse Co., Boston, Manufacturers 


appearance improved—cost reduced 25 percent 


ORCELAIN was formerly used for 

making these candelabra sockets. 
But porcelain is heavy, brittle, and 
lacked beauty of color and fineness of 
detail. The use of Bakelite Molded 
provides lighter weight and greater 
strength—rich, permanent color and 
accuracy of detail and dimension. 


In addition, one brass part was elim- 
inated, assembly made simpler and 
easier, and quality and appearance 
improved. Through forming eight of 
the Bakelite Molded sockets at one 
time, in a multiple cavity mold, the 
cost was reduced twenty-five per cent. 


Bakelite Molded is replacing metal, 
wood, rubber, glass, fibre and other 
materials, for making thousands of 


different parts and devices of a wide 
variety of sizes and shapes. The use 
of Bakelite Molded invariably results 
in a better product, and its rich color 
and high lustre lead to increased sales. 
It often effects production economies 
as well. 


Bakelite Engineering Service 


Intimate knowledge of thousands of 
varied applications of Bakelite Materials 
combined with eighteen years’ experience 
in the development of phenol resinoids 
for electrical uses provides a valuable 
background for the cooperation offered by 
our engineers and research laboratories. 
Write for Booklet 3M, “Bakelite 


BAKELITE CORPORATION 


247 Park Avenue, New York, N. Y. 


Chicago Office, 635 West 22nd Street 


BAKELITE CORPORATION OF CANADA, LTD., 163 Dufferin Street, Toronto, Ont. 


REGISTERED 
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THE MATERIAL OF \CO/ A THOUSAND USES 


“The registered Trade Mark and Symbol shown above may be used only on products made from materials 
manufactured by Bakelite Corporation Under the capital ‘‘B” is the numerical sign for infinity, or unlimited 
quantity It symbolizes the infinite number of present and future uses of Bakelite Corporation’s products."* 
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Classified Advertiser’s Index for Buyetrs—Continued 


ROPE, WIRE 
American Steel & Wire Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 


SEARCHLIGHTS 
General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SLEEVE TWISTERS 
Kearney Corp., Jas. R., St. Louis 


SOCKETS AND RECEPTACLES 


General Electric Co., Schenectady 

Western Electric Co., All Principal Cities 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SOLENOIDS 
Belden Mfg. Co., Chicago 
Dudio Mfg. Co., Ft. Wayne, Ind. 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Sundh Electric Co., Newark, N. J. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 


SPRINGS 
American Steel & Wire Co., Chicago 


STARTERS, MOTORS 


Condit Electrical Mfg. Corp., Boston 

Electric Controller & Mfg. Co., Cleveland 

General Electric Co., Schenectady 

Sundh Electric Co., Newark, N. J. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


STEEL, ELECTRIC FURNACE 
Timken Roller Bearing Co., The, Canton, O. 


STEEL, SPECIAL ANALYSIS 
Timken Roller Bearing Co., The, Canton, O. 


STOKERS, MECHANICAL 


Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SUB-STATIONS 


General Electric Co., Schenectady 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SWITCHBOARDS 


Allis-Chalmers Mfg. Co., Milwaukee 

Condit Electrical Mfg. Corp., Boston 

General Electric Co., Schenectady 

Metropolitan Device Corp., Brooklyn, N. Y. 

Western Electric Co., All Principal Cities 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


SWITCHES 
Automatic Time 


Cramer & Co., Inc., R. W., New York 
General Electric Co., Schenectady 
Minerallac Electric Co., Chicago 

Sundh Electric Co., Newark, N. J. 
Westinghouse Elec. & Mfg. Co., E. Pitts- 


burgh 
Disconnecting 

Burke Electric Co., Erie, Pa. 
Condit Electrical Mfg. Corp., Boston 
Delta-Star Electric Co., Chicago 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Matthews Corp., W. N., St. Louis 
Pacific Elec. Mfg. Corp., San Francisco 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh 

Fuse 
General Electric Co., Schenectady 
Kearney Corp., Jas. R., St. Louis 
Matthews Corp., W. N., St. Louis 
Metropolitan Device Corp., Brooklyn, N. Y. 
Knife 

Condit Electrical Mfg. Corp., Boston 
Cramer & Co., Inc., R. W., New York 
Electric Controller & Mfg. Co., Cleveland 
General Electric Co., Schenectady 
Matthews Corp., W. N., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 

burgh ae 

1 


Condit Electrical Mfg. Corp., Boston 
General Electric Co., Schenectady 
Pacific Elec. Mfg. Corp., San Francisco 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Remote Control 
Condit Electrical Mfg. Corp., Boston 
Cramer & Co., Inc., R. W., New York 
General Electric Co., Schenectady 
Sangamo Elec. Co., Springfield, Ill. 
Sundh Electric Co., Newark, N. J. 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TANTALUM 
Fansteel Products Co., Inc., North Chicago 


TELEGRAPH APPARATUS 
Western Electric Co., All Principal Cities 


TELEPHONE CONNECTORS 
Kearney Corp., Jas. R., St. Louis 


TELEPHONE EQUIPMENT 
Western Electric Co., All Principal Cities 


TESTING LABORATORIES 
Electrical Testing Labs., New York 


TOWERS, TRANSMISSION 
Western Electric Co., All Principal Cities 


TRANSFORMERS 


Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer Co., Newark, N. J. 
Chicago-Jefferson Fuse & Elec. Co., Chicago 
Duncan Elec. Mfg. Co., Lafayette, Ind. 
Electric Service Co., Cincinnati 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
General Electric Co., Schenectady 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Electric Co., St. Louis 
Sangamo Elec. Co., Springfield, Ill. 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Factory 
American Transformer Co., Newark, N. J. 
Kuhlman Electric Co., Bay City, Mich. 
Moloney Electric Co., St. Louis 
Wagner Electric Corp., St. Louis 
Western Electric Co., All Principal Cities 
Furnace 
Allis-Chalmers Mfg. Co., Milwaukee 
American Transformer, Co., Newark, N. J. 
Moloney Electric Co., St. Louis 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 
Metering 
American Transformer Co., Newark, N. J. 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 
Sangamo Elec. Co., Springfield, Ill. 


Radio 

American Transformer Co., Newark, N. J. 
Chicago-Jefferson Fuse & Elec. Co., Chicago 
Ferranti, Ltd., Hollinwood, England 
Ferranti, Inc., New York 
Ferranti Electric, Ltd., Toronto, Ont. 

Street Lighting 
Kuhlman Electric Co., Bay City, Mich. 
Western Electric Co., All Principal Cities 


TRANSFORMERS, USED 
Electric Service Co., Cincinnati 


TROLLEY LINE MATERIALS 


General Electric Co., Schenectady 

Hubbard & Co., Pittsburgh 

Ohio Brass Co., Mansfield, O. 

Western Electric Co., All Principal Cities 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


TUBING, SEAMLESS STEEL 
Timken Roller Bearing Co., The, Canton, O. 


TURBINES, HYDRAULIC _ 
Allis-Chalmers Mfg. Co., Milwaukee 


TURBINES, STEAM 


Allis-Chalmers Mfg. Co., Milwaukee 

General Electric Co., Schenectady 

Western Electric Co., All Principal Cities 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh : 


TURBO-GENERATORS 
Allis-Chalmers Mfg. Co., Milwaukee 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


UNDERCUTTERS, COMMUTATOR 
Martindale Electric Co., The, Cleveland 


VALVES, BRASS 
Gas, Water, Steam 
Ohio Brass Co., Mansfield, O. 


VARNISHES, INSULATING 


General Electric Co., Bridgeport, Conn. 

Mica Insulator Co., New York 

Minerallac Electric Co., Chicago : 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WELDING MACHINES, ELECTRIC 


General Electric Co., Schenectady 

Lincoln Electric Co., The, Cleveland 

Ohio Brass Co., Mansfield, O. 

Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh 


WELDING WIRES & RODS 


American Steel & Wire Co., Chicago 
Lincoln Electric Co., Cleveland 
Ohio Brass Co., Mansfield, O. 


WIRES AND CABLES 
Armored Cable 

American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Asbestos Covered 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 


Automotive 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Bare Copper 
American Steel & Wire Co., Chicago 
Anaconda Copper Mining Co., Chicago 
Belden Mfg. Co., Chicago 
Roebling’s Sons Co., John A., Trenton, N. J. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Copper Cad 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Copperweld 
Copperweld Steel Co., Glassport, Pa. 


Flexible Cord 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Heavy Duty Cord 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
Okonite Company, The, Passaic, N. J. 
Simplex Wire & Cable Co., Boston 


Fuse 
American Steel & Wire Co., Chicago 
General Electric Co., Schenectady 
Roebling’s Sons Co., John A., Trenton, N. J. 
Western Electric Co., All Principal Cities 
Lead Covered (Paper and Varnished cambric 


Insulated) 

American Steel & Wire Co., Chicago 
Anaconda Copper Mining Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
_Okonite Company, The, Passaic, N. J. 
Okonite-Callender Cable Co., The, Inc., 

Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Magnet 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
Dudlo Mfg. Corp., Fort Wayne, Ind. 
General Electric Co., Schenectady 
Maring Wire Co., Muskegon, Mich. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Rubber Insulated 
American Steel & Wire Co., Chicago 
Belden Mfg. Co., Chicago 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Tree Wire : 
Okonite Company, The, Passaic, N. J. 
Simplex Wire & Cable Co., Boston 


Trolley 
American Steel & Wire Co., Chicago 
Anaconda Copper Mining Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Weather proof ; 
American Steel & Wire Co., Chicago 
Anaconda Copper Mining Co., Chicago 
Copperweld Steel Co., Glassport, Pa. 
General Electric Co., Schenectady 
Kerite Ins. Wire & Cable Co., New York 
Okonite Company, The, Passaic, N. J. 
Roebling’s Sons Co., John A., Trenton, N. J. 
Simplex Wire & Cable Co., Boston 
Standard Underground Cable Co., Pittsburgh 
Western Electric Co., All Principal Cities 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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ADVERTISING SECTION 


When Production 
Reaches the Plating Room 


RESENT- day production plating 
demands equipment, both electrical 
and mechanical, which will operate at 
capacity day in and day out without in- 
terruption; reliable machines, with ade- 
quate overload capacity which will func- 
tion under such conditions over the years 
with minimum care. 
And no-where is this reliability more 
essential than in the plating generator. 


Hanson-Munning Generators 


have demonstrated their ability to meet 
the demands of modern production. Their 
design characteristics are based on 50 
years’ experience and are no longer theo- 
retical. Built to carry their rated capacity 
continuously, they also give the maxi- 
mum possible over-all plating efficiencies 
at all loads. Built with commutator and 
brushes that will stand up under heavy 
amperages, they nevertheless permit in- 
spection and adjustment of brushes while 
the machine is running. 

And every ounce of the generator 
counts. The highest quality materials, 
purchased in large quantities, are built 
compactly into every machine. The re- 
sult is a plating generator equal in qual- 
ity to the best type of power equipment 
—a fact which is borne out in the per- 
formance records of Hanson-Munning 
machines. 

@ 3099 
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AUNNING COMPANY 
Manufacturers of Electroplating and Polishing Equipment and Supplies 
104 CHURCH STREET, MATAWAN,'NEW JERSEY 


Factories: Matawan, New Jersey; Newark, New Jersey; Chicago, Ill., Sales Offices in all principal cities 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 
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Installation Time 
should be 
STANDARD TIME 


Install STANDARD Cable Accessories as well as STANDARD 
Cables when designing your electric cable system! 


Standardize on STANDARD and profit by our 46 years’ 
experience in the manufacture and installation of electric 
cable systems. 


Write our nearest office for Cable Accessory Catalogues. 


Standard Underground Cable Co. 


Division of General Cable Corp. 
General Offices: Pittsburgh, Pa. 


. ; Branch Sales Offices 
Boston Philadelphia Atlanta Pittsburgh Chicago St. Louis 
New York _ Washington Detroit San Francisco 
Kansas City Birmingham Charlotte Seattle Los Angeles 


Allis-Chalmers Manufacturing Co........... 20 Ford, BaconmdsDavisy INC. oie. 10,0 c)e-creteterete 42 New Departure Manufacturing Co., The.... 3 
Ambursen Construction Company,Inc....... 42 Fowle & Company, Frank F............... 42 Norma-Hoffmann Bearings Corporation..... 24 
American Brass Company........... Shree uf Freyn Engineering Company.............. 42 
American Fire Prevention Bureau 31 
American Lava Corporation................ 40 Ohio Brass Company, The:.........«s tees 10 
American Steel & Wire Company........... 36 G & W Electric Specialty Company........ 37 Okonite Company, The............ Third Cover 
American Telephone & Telegraph Co........ 28 General Electric Company................ 8,9 Okonite-Callender Cable Co., Inc... Third Cover 
American Transformer Company........... 17 General Radio Company......:..........-. 39 Ophuls & Billhinc.2 52s ase eee 42 
Greén; A.’Barnett ea oe ee oe 42 Osgood; Farley S22... cen: son ete cet ne 43 
Beret Comporetion. easier eager age 8s rhs = = er 
arstow Ompany, LC; Wis Sa... <5 ae ce anson-Van Winkle-Munning Co.......... 49 : ; 
Battey & Kipp,Inc............-+++--++--+ 42 Hemingray Glass Company............... 38 pea igus Big: Cor poratlons ee ae e 
Belden Manufacturing Company... . Fourth Cover Hoosier Engineering Company............. 42 PublicationsiofiAel Ek aaa 32 
Blackieacwv Cacia te cn cctcrererere situ olor siaiare sire 42 Hubband).& Company. eee eee 38... saiweneke Geen ee oe aa 
Burke Electric Bota cabana 5 Sees a 
Burndy Engineering Co.,Inc............... 
Burt Drak ober, Ccmsnicatasteltreiae tiene 39 International Nickel Company............. 11 Roebling’s Sons Company, John A.......... 36 
Byllesby Engineering & Management Corp.. 42 I-T-E Circuit Breaker Company............ 4 Roller-Smith Company................-.. 40 
Canadian Porcelain Company, Ltd........... 38 Jackson’ & Moreland seen eee rae oes 42 Sanderson!.& Porter s-:1e ye sateen 43 
Century Electric Company. Boone Caf Jewell Electrical Instrument Company...... 31 Sargent. & Lundy,:Incs eee. on cee eee 43 
Chicago-Jefferson Fuse & Electric Co... .... 39 JournalsiWanted ie eens cane 40 Scofield Engineering Company............ 4s 
Chicago: Micay Company sac. . cstiscisls tienes 23 Sharples Specialty Company............... 33 
CHirstings Scalers ae na See wie ers Sees 34 Simplex Wire & Cable Company.......... 37 - 
Clement, Rd wardilsncme cece cisecie ae 42 Kearney Corporation, James R............. 38 Standard Steel & Bearings, Inc............ 22 
Condit Electrical Manutactanne COED: weoee 15 Kerite Insulated Wire & Cable Co.,Inc...... 1 Standard Underground Cable Company..... 50 
Copperweld Steel Company... : Sota) Kuhlman Electric Company............... 18 Stevens; John 7A.%. Misa cern eee 43 
Cranrense:. Co. Inc: a W oaee eter ear gets % ek) Stevens’ & Wood, Inc.) om... semen 43 
Lapp Insulator Company, Ine.........22+ 88 <Stockbridge. & Borst ct ae de 
DannenHaroid Ascaris tisenolemcrisrers 42 Lincoln, E..S.....0-0.02- Sterne eens 42 Stoneli&. Webster: Inc.5. 07 nec ee ee 43 
Delta-Star Electric Company............... 35 Locke Insulator Corporation............... 6 Sundh Electric Company.................. 40 
Dossert & Company..............-...+2-: 21 
Dudlo Manufacturing Company............ 29 Manufacturers’ & Inventors’ Elec. Co...... 41 
Maring Wire Company................... 36 Thomas Pein Sele eiaie «6 3/c'e 0 © elsiei aia oe ro 
; SOD ae 7 ais eRe oserc'ts ane Mba eene eer ce Cemenone 
Electric Controller &Mte.iCou The: a. ses 2 piano paar tei ee nik a aren Ae Thomas & Sons Company, The R.......... 38 
Electric Service Company, Inc., The......... Be McClellan & Junkersfeld,Inc............. 42 Timken Roller Bearing Company........... 26 
mie Specialty Company...-.-...+--++.. Metropolitan Device Corporation........... 52 
ectrical Testing Laboratories............. 43 Micalasilatonm Conan 25 
Electro Dynamic Company................. 41 : DINPADY «coe be se ve wen cee Waener Electric Corporation. 14 
Minerallac Electric Company.............. 5 & poration............-. 
Engineering Directory........-.++2.0- 05 42, 43 Moloney Electric Company 4 35 West Va. Pulp & Paper Company.......... 40 
Engineering Societies Employment Service. 40 Montgomery, Wallace la eo epee Sag teh eae Comey AS eicehtcr es retoe 3 
SB (eT ee ane estinghouse Elec. g- Company. aaa 12 
Morganite Brush Company, Inc., The....... 44 Weston Electrical Instrument Corp......... 30 
Fansteel Products Company, Inc., The...... 30 } White Engineering Corp., The J. G....... -. 48 
F6nnessy, David Vioiicciasicisacieinisvsiwtelnleie'e ee oss 42 Neal, NoJciuc. senerereieterectss sdoaapao th Wireless Specialty Apparatus Company.. 39 
Ferranti, Incorporated..........+++eeeeeee 45 Neiler, Rich & Company..... Siatovatets tetatoreieroee aes Wray &-Company, JaGi.e: sacanesene shine 43 
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ADVERTISING SECTION 


What Should You Pay 
For Lubrication? 


It all Depends:— 


1—How much protection to machine and equipment do you want? 


(All you can buy.) 


2—How high are you willing to let expenses for repairs run? In other 
words, how often are you willing to bear the cost of idle machinery 
due to repairs and replacements brought about by ineffective 


lubrication? 


(Never, if you can help it!) 


3—What degree of efficiency do you expect from your equipment? 


(The maximum, certainly.) 


These are matters that have a direct 
bearing on the cost for lubrication. 

We know lubricants and we know the 
problems that may be encountered in their 
application. 

We know that varying degrees of effi- 
ciency may be expected from each kind 
and type of lubricant. 

And we agree, that YOU, the buyer, 
must consider price in figuring costs. But 
we ask you, for your own good: Never con- 
sider price first but always last. Because 
only in the end—after the lubricant has 
had a chance to do its work—can you tell 
what lubrication costs. 

That is the only way to judge—by re- 
results of lubrication. 


Judged by results, TEXACO lubricants 
are the cheapest lubricants you can buy. 

They will save power by their ability to 
reduce friction. 

They will protect your equipment against 
wear, thus saving on the cost for repairs 
and replacements. 

Because of the results obtainable—what 
they save—not what they cost—TEXACO 
LUBRICANTS are being used in more and 
more power plants, shops, mines and mills 
throughout the country, on every conceiv- 
able kind of equipment. 

It will put you under no obligation what- 
ever to have a well equipped TEXACO 
Engineer inspect your property. He will 
tell from experience which TEXACO Lu- 
bricant is best to use and tell you just what, 
where and how you can save on lubrication. 


There is a Texaco Lubricant for Every Purpose 


Tote tex As COMEAN, 


w 


Texaco Petroleum Products 


Dept. WD, 17 Battery Place, New York City. 


we 


OFFICES IN PRINCIPAL CITIES 
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steps 
in the 
making 
of a 


Metrolatum. 


Filled 
. High 
meee Tonsion 


Cable Joint. | 


Full details 
in our Cable 


Joint Booklet 


Write for your 
- copy | 


METROPOLITAN 
DEVICE GORPORATION 


1250 ATLANTIC AVENUE 
BROOKLYN +: NEW YORK 


Please mention the JOURNAL of the A. I. E. E. when writing to advertisers. 


SUBMARINE 


POWER CABLE 


here Chis must he Certam 


An important specialty of The Okonite Company and The 
Okonite-Callender Cable Company, Inc., is the design and 
manufacture of Submarine Power Cables. 


Our many years of practical experience have emphasized 
the extreme care necessary in the fabrication of Sub- 
marine Power Cables. The very character of these instal- 
lations calls for implicit confidence in both the integrity 
and ability of the manufacturer. Submerged beyond 
inspection and most inaccessible to fault location and 
repairs, underwater cables must perform faithfully. 


The best assurance of reliable performance is the use of 
submarine cable that successfully embodies expert design, 
skillful technique, materials of the highest quality, and 
the closest supervision throughout manufacture. 


Inquiries are invited and we are always glad to be consulted 
in the planning of submarine power cable installations. 


THE OKONITE COMPANY 


THE OKONITE-CALLENDER CABLE COMPANY, INC. 


FACTORIES: PASSAIC, N. J. PATERSON, N. J. 
SALES OFFICES: NEW YORK CHICAGO PITTSBURGH ST. LOUIS BOSTON 
ATLANTA BIRMINGHAM SAN FRANCISCO LOS ANGELES SEATTLE DALLAS 
Novelty Electric Co., Philadelphia, Pa. F. D. Lawrence Electric Co., Cincinnati, O. 
Canadian Representatives: Engineering Materials, Limited, Montreal 
Cuban Representatives: Victor G. Mendoza Co., Havana 


U p- Air Corps Standard DeHaviland 4's 


so 8 
otto 


BELDEN PRODUCTS 


Beldenamel and Textile 
Magnet Wire 
Coil Windings 


Beldenmold 
(Molded Bakelite Products) 


Automotive Wires and Cables 


Airplane Assemblies 
Radio Wires, Cords 
and Cables 
Rubber Covered Wires 
Armored Cables 
Flexible Armature Wires 
Motor Lead Wires 


Braided and Stranded 
Copper Cables 


Cotton Sleeving 


Lindbergh's New Ryan Monoplane 


ERHAPS the supreme test of 

any equipment is airplaneserv- 
ice where failure of even the most 
insignificant part frequently 
means disaster. 


In airplane service vibrations,sud- 
den changes in temperature, and 
all manner of stresses and strains 
impose upon electrical cable the 
severest possible duty. 


It is significant that Belden Air- 
plane Wires and Cables have 
been used on nearly every Amer- 


2316-B South Western Avenue 


Chicago-San Francisco Mail Plane 


| A Tribute to Belden Quality 


ican plane that has achieved 
great renown. A few of these fa- 
mous planes are shown in the 
illustration. 


The accurate manufacturing prac- 
tices which have made Belden 
Wires and Cables suitable for ex- 
acting airplane service guarantee 


a uniformly high quality in other 
Belden Materials. 


Write for complete information 
covering Belden Products in 
which you are interested. 


Belden Manufacturing Company 
Chicago, IIlinois 


